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Abstract 
This dissertation was written as a part of the MSc in Energy Systems at the International 
Hellenic University.  
Compared to dwellings, non-domestic buildings tend to have higher energy consump-
tion per square meter of floor area. Office buildings consume a lot due to the fact that 
they have special characteristics that enhance this problem. Lighting, IT equipment and 
air conditioning systems are considered main reasons for steeply rising energy con-
sumption in office buildings. Moreover, in the last decades the buildings have spatial 
characteristics that provoke more energy consumption through their usage (glazed fa-
cades etc.). 
Nowadays, the rate of new constructions is rather limited, mainly due to financial rea-
sons. Hence, refurbishment of existing building stock is an intense necessity in the ur-
ban environment.  New policies are adopted from EU in order to improve energy effi-
ciency of non-residential buildings. This effort has given a new perspective to the re- 
development of the construction sector of the economy. 
This dissertation provides a methodology to face current problems of existing office 
buildings,  the first renovation measures, restoration of facades, replacement of HVAC 
and lighting systems with the primary goal of  minimizing energy consumption by im-
plementing   passive design techniques with  RE Systems in order to correspond to 
standards of building that consume as little energy as possible .The end goal of high en-
ergy performance can be achieved by using passive solar building design(enabling the 
building to collect solar heat in winter and reject solar heat in summer) thus using alter-
native  methods of energy production. To conclude, a case study of refurbishment of an 
existing office building in Thessaloniki is formed. 
I would like to thank Professor A.M. Papadopoulos for his valuable guidance during the 
writing of this dissertation and my family and friends for their support and assistance. 
 
 
Marina Diamantidou 
                                                                                                          JANUARY 2016 
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1 Introduction 
1.1 Dissertation goal 
Buildings can be divided into two categories those that follow current trends and those 
that are termed the ‘humble’ ones. In the first category functional space is a minor factor 
during the design process. The prime goal is to provoke astonishment and as claimed 
new spatial experiences. Sustainability issues usually come into the foreground later, as 
a necessity that has to be faced. In the second category constructions can be spotted that 
either try to fake the first category, or those that all above characteristics were of minor 
importance during designing process. The cost of construction, lack of space, even leg-
islation restrictions are factors that influence and modify final design decisions. The 
cost of new technologies render zero energy consumption difficult to be implemented. 
In reality, the result is no way close to sustainability standards especially in the existing 
building stock. 
The main objective of this dissertation is to investigate whether there is an adequate 
way to make small interventions in the building elements with the aim to upgrade ener-
gy efficiency. For example, KfW CO2 Building Rehabilitation Program, is a national 
climate protection program in Germany, concerning dwellings. It has been proved that, 
by adding external insulation in existing buildings and by replacing boilers with new 
ones considerable reduction of carbon emissions can be made of seventy five per cent in 
houses. [1] 
In the following chapters technical solutions will be investigated based on literature re-
view, along with examples of existing constructions. Along with this a specific example 
of typical office building will be examined. This option demonstrates the feasibility of 
examining each building separately due to the fact that each building is unique. Orienta-
tion, position in the urban fabric, width of road, geometry and other factors which create 
current problems influence the way that can be treated. The purpose of this study is to 
take into account the various conclusions of the literature to justify the need for efficient 
design. 
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1.2 Thesis structure        
 
In Chapter 2 the common types of layouts of office buildings will be analyzed; how the 
plans are formed through the years and the causes of the formation. This process can set 
a classification according to the year of construction and the architectural and construc-
tional characteristics of office building. 
 
 In Chapter 3 a description of common refurbishment strategies that are used in modern 
cities will take place and how designing teams work. Also, information will be provided 
about the existing European and Greek legislative framework concerning refurbishment 
strategies. 
 
In Chapter 4 an attempt is made to understand the types, the function, and the structural 
characteristics of building envelope. It will be analyzed common designing tools - 
transparent and compact elements of the construction. It will be described how energy 
consumption is influenced by level and place of thermal insulation, envelope thermal 
mass, and type of glazing, air-tightness. In this part of the thesis will also be analyzed 
types of DSF. 
 
In Chapter 5 is analyzed the importance of lighting as an element of space and as a fac-
tor that regulates total energy consumption of the building and visual comfort of the us-
ers. Furthermore, methodologies will be proposed in order to reduce consumption by 
methods like enhancing physical lighting, automatic lighting control etc. 
 
Based on the issues that are analyzed on the previous parts of the thesis, in Chapter 6 a 
Case study of an office building in the city center of Thessaloniki is introduced. It is al-
so provided information for replacement or placing addition insulation material on 
compact elements of the construction (wall, roof and pilotis). Concerning transparent 
elements two cases of DSF are presented. 
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In the next Chapter 7, the types of Res will be analyzed, mainly PV and solar system 
that can be easily be applied on the building and how they cooperate with the other ele-
ments of the construction. The installation can be done on facades –even on the 5th fa-
çade- and how this method affects visual comfort. In this part of the coursework can be 
provided information about the equipment needed in order to use this kind of tech-
niques. Lastly in the final chapter conclusions are presented and propose for further study 
on the matter. 
 
Abbreviations 
SBS      Sick Building Syndrome                                         PV        Photovoltaic 
DSF      Double Skin Façade                                               RES     Renewable Energy Systems 
AHU     Air Handling Unit                                                  PHF     Periodic Heat Flow 
HVAC   Heating, Ventilation and Air Conditioning          SAM    System Advisor Model 
BMS     Building Management System                              BIM Building Information Modeling 
ETICS   External Thermal Insulation Composite Systems  
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2 Typology of Office  Buildings 
In this chapter the common types of layouts of office buildings will be analyzed, how 
the plans are formed throughout the years and the causes of the formation. This process 
can set a classification according to the year of construction and the architectural and 
constructional characteristics of each office building. A diversification of spaces will be 
made depending on their use, geometry and orientation. This chapter is helpful in or-
der to understand how the form and function of each space influence the use and as a 
result the energy consumption. 
Spatial organization of office buildings has evolved throughout the years. The main 
types are open plan office, which was first utilized in North America, corridor office 
/cell office which was formed in Europe and closed office. Also during the 1960s land-
scape office was first introduced, which is as a well-known benchmark in the design of 
office buildings. 
Office buildings first formed around 1900-1920s in American cities like Chicago, New 
York, Boston and later on in German and English cities. The extensive use of steel and 
ventilation systems was the springboard to the creation of tall and massive buildings 
with layouts of large depth. Light was equally distributed by artificial means and usual-
ly elevators were placed at the center of each plan. 
These uniform constructions created a new type of aesthetics, this of tall constructions. 
Each firm had to have a structure to accommodate its function and also something spe-
cial that symbolized its identity, a special brand name. Hence, regardless of the uni-
formity of the architecture produced every construction had to be large enough or trans-
parent enough in order to be a benchmark of financial power. This motif has been re-
peated continuously over the decades. 
2.1 Open Plan Office 
Open Plan offices are characterized as extensive, noisy, with office furniture located 
one behind the other, forming long rows (Image1). Open space offices originated from 
the industrial spaces of North America in the mid1900s. This relationship can be com-
prehended if we compare manufacturing production lines with the long rows of desks.  
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The image of spaces are presented as huge, compound, neutral, without any decorative 
ware, with uncovered mechanical systems, constructed by neutral materials and fur-
nished uniformly. Among the long rows of office furniture, cupboards and bookcases 
are positioned which do not allow light or fresh air to penetrate into the core of the 
building. In most of the examples bookcases are used as a way of dividing space.  
 
Image 1: Open plan office 
 
In Open Plan layouts a few closed areas can be found only that are used as offices by 
the superior employees or as meeting areas. There are different types of open space of-
fices depending on the positioning of the closed areas. Usually, closed rooms are placed 
in the perimeter of the building in order to be favored by physical lighting and air, while 
at the core is an extensive area with many offices. The second option is the location of 
closed rooms in the center of the plan. In any case, both types of plan formation pro-
voke problems in the indiscriminate natural lighting of space due to the existing obsta-
cles existed. [2] 
The initial goal of open plan organization is to maximize the capacity of workers in a 
room.  The more people working in an office, the better. This organization is flexible 
because it can be modified easily by changing a spot of furnishing and equipment in or-
der to serve different needs. In the center of the plan were usually positioned elevators, 
the WC, warehouses, staircases etc. and the other part of the floor was used as open plan 
offices. Employees in this layout have no ability arranging their working area, or feeling 
any privacy in their working space. The lack of closed rooms provokes annoyance to the 
employees because supervisors have the ability to check the whole area during working 
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hours. Also, employees do not have the ability to control temperature, noise, lighting or 
other conditions that can influence comfort. This typology of office buildings is well 
known for the lack of balance among the spatial characteristics. Most of the time, the 
formation of negative or stressful environment for the employees is inevitable. Fifty 
four per cent of British employees prefer to work in individual spaces and sixty five per 
cent claim that bad ventilation and lack of light highly influence their behavior (research 
made by Expert Market- office equipment firm). [3] 
2.2 Corridor Office/Cell Office 
The other trend in office design is corridor spatial arrangement with private offices. 
Space is divided by walls, panels and cubicles in order to separate work spaces for each 
individual employee.  
The scheme consists of long corridors at the center of the layout, usually without any 
natural lighting. On this corridor different sized rooms are attached. The cornerstone of 
this system is the fragmentation of the area into small offices that are used by one or 
two employees.  
Firstly, the space was divided by walls and later plasterboard walls were used, as well as 
partitions and glass panels of slight thickness in order to enlargen the useful area. Now-
adays, the character of this design type has succeeded in giving privacy to the employ-
ee, but in some cases this is not desirable. Using glass panels provides visual contact 
between the offices or in cases that the panels are short in height do not isolate the space 
entirely. It is important to say that in such cases a large percentage of the floor area is 
used for corridors and as a result the offices become very small.  Considering that win-
dows exist only on one side of the room cross ventilation was not a feasible option ei-
ther. In order to solve such issues designers changed the orientation of the building’s 
path and added large glass facades (Image2). 
4 
 
 
Image 2: Typical corridor office building, facilities of Communist party of France, viewed 28 April 2008. 
The Guardian  
 
Due to continuous imitation, glass facades became common ground in the whole of Eu-
rope and also in Mediterranean countries. As the years went by, the extensive produc-
tion of buildings changed the image of the construction market and lead to the construc-
tion of massive office buildings that could be bought or rented. After the 1960s this 
trend expanded even in Greece. Many buildings with corridors had vital problems of 
ventilation and movement of air from space to space. In Greece this typology was not 
necessarily a result of the designing process. Corridor type is derivative of change of 
use of buildings as many of them were first constructed in order to accommodate resi-
dential use and later transformed. 
2.3 Landscape Office (BUROLANDSCHAFT) 
Landscape office (burolandschaft) was first introduced as a combination of the above 
mentioned two design types. At the end of 1950 and while the commercialization of of-
fice space was evolving and a new idea started developing in Central and Northern Eu-
rope. This new idea was a result of many concerns that were connected to how office 
space is designed and how the employee is interested and interacts with the space that 
he lives in. It is obvious that the idea of team work and how the person acts as part of a 
whole was then first introduced. Space not only influences human interaction and social 
organization of an office but also the productivity of the firm.   
The term "landscape office" (landscape office or bürolandschaft) is attributed to the 
German brothers Eberhard and Wolfgang Schnelle, who were office furniture designers. 
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To ensure minimal privacy or the ability of workers to be isolated, light partitions, of 
approximately 1.50 m in height were used. Their curved shape became a 'trademark'. 
The basic spatial feature, besides the aforementioned low partitions, was the replace-
ment of office rows with asymmetric provisions and the separation of working group’s 
areas with large plants.  
The organization scheme may seem chaotic but the initial idea was the creation of an 
‘organic’ and ‘free’ scheme. (Image 3). Nevertheless, specific rules have been formed 
for the designing of landscape offices. Firstly, the position of the workstation was de-
termined meaning that workers should not be placed in direct visual contact with en-
trances, central corridors, noisy machinery, toilets, or even other employees. Access to 
the above areas should be distinct and determined by partitions or plants. The natural 
lighting for workstations, should have a direction from left to right and is beneficial on-
ly at a seven meter distance from windows. If there are obstacles then daylight is of mi-
nor importance. Also, every employee should have a minimum area that can utilize. Ac-
cess to workstations should also be clearly distinct, while the distances between basic 
office furniture units cannot be less than 70cm. The meeting areas require privacy and 
careful planning in order to be protected from noise, but should not be too far from the 
positions of the workers who use them (4.5 to 9 meters).Supervisors’ workspace must 
be protected from direct visual contact while access to these areas should be made from 
the side or front directions, but never from behind the employee. Each sector must be 
visually identified and distinguished. This can be done by painting each area a specific 
color, or changing the position of the office furniture. Machinery or break areas should 
be isolated, in order to minimize noise. Lastly, furniture must be assessed very carefully 
so that every worker has the equipment and furniture that is needed, but nothing more. 
[2] 
6 
 
 
Imag3: Typical landscape office plan(Bertelsmann Verlag in Gütersloh,) 
 
The advantages of this type of organization can be summarized in ensuring privacy, in-
dependence of individual areas, the ability of each employees of appropriate use of 
space and to control elements like the possibility of exploitation and individual facili-
ties, artificial and natural lighting, ventilation, heating and noise control. The idea of 
using partitions for the creation of small private spaces, personal offices, has the result 
of the creation of flexible spaces that introduce into the concept of office space the idea 
of: comfort, cooperation, human contact whilst maintaining individuality, isolation and 
privacy. This organization scheme was first introduced in Europe and after some years 
was used in America.  
2.4 Sustainability Issues of Office Buildings 
For financial reasons, most designed office buildings are a result of a vertical repetition 
of typical floor a plan. Most of the floors are identical and form of structure is usually 
cubic and compact. Lack of intense morphology made these cubic structures tall. Due to 
the extreme height these glass skyscrapers are totally sealed and ventilation and lighting 
is done by mechanical means. As a result, energy consumption is increased, wasting the 
energy resources of the planet. As reported by Tsipiras K. &T. (2005)  [4]  the average 
energy consumption used for cooling office buildings is 24  KWh/m2 per year, 95 
KWh/m2 per year for heating, 20 KWh/m2 per year for lighting and 48 KWh/m2 per 
year for appliance function. These values are higher compared to other types (schools, 
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hospitals etc.) classifying office buildings among the most energy consuming. Actually, 
only hotels exceed these values. 
Quite recently, considerable attention has been paid to energy consumption of the build-
ings not only during their function but also during construction and the environmental 
impacts of processing of materials and technical solutions utilized. Usually suggestions 
of retrofitting consist of solutions of led lights, adding thermal insulation, green roofs 
etc. but elements like building aging, and how technical solution in connection with ma-
terial behavior, would function efficiently over the years have been scarcely investigat-
ed   . 
Except of energy consumption another important issue is the way that a human acts and 
feels in the space. In the 1970s was first noticed that users of specific buildings had 
symptoms, called ‘office illnesses’. During the 1990s researchers identified the physical 
and chemical reasons that provoked problems on human health in closed spaces. This 
phenomenon has since been called the Sick Building Syndrome. Concentration of 
many persons in a closed area, noise, lack of lighting, spatial structure (sharp angles in 
rooms, small rooms etc.), a lack of visual contact with the external environment and 
chemical pollutants originating from building materials are the major reasons for SBS. 
This syndrome also appears in recently renovated buildings. Large concentrations of 
substances that may provoke building related symptoms are present in materials like: 
paints, plaster, wall covering, floor covering. Other parameters that enhance the exist-
ence of SBS are stress during work, hours of working and previous personal medical 
record. The symptoms of the phenomenon are (Apter, A,1994).: [5] 
1. Mucous membrane irritation (eye, nose, and throat irritation),  
2. Neurotoxic effects (headaches, fatigue, and irritability),  
3. Asthma and asthma-like symptoms (chest tightness and wheezing),  
4. Skin dryness and irritation,  
5. Gastrointestinal complaints.    
In the last decades the maintenance of HVAC systems is obligatory in order to inflict 
fresh air supply and to ensure hygiene rules. Rest issues, though, continue to exist and it 
is vital to investigate ways of producing more viable buildings, in order to ensure better 
lifestyle. On average a person spends 1/3 of the day in an office. It is vital to understand 
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the problems of existing building stock in order to examine possible ways of producing 
a more sustainable indoor environment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9 
 
3 Refurbishment Strategies 
In this chapter a description of common refurbishment strategies that are used in mod-
ern cities and how designing teams work will be given. Also, will be provided infor-
mation about the existing European and Greek legislation about refurbishment strategies 
will be provided. 
Nowadays, key issues of existing building stock are: 
1. Facing extremely large cooling loads. The  combination of change of the urban 
microclimate to  more stringent standards of indoor air quality and the adoption 
of a "Globalized" architecture which does not take into account local climatic 
conditions, leading to increasing energy consumption in order to meet the cool-
ing loads of buildings. 
2. Renovation of the existing building stock, which is the first and effective meas-
ure in order to reduce energy consumption of buildings, improvement of condi-
tions inside buildings and the improvement of environmental conditions in urban 
areas. The above constitute technical, economic and social problems, which are 
created because of the way in which most cities have been built, due to econom-
ic and social constraints. Emphasis should be placed on public buildings and 
multi-use buildings. They make up a large percentage of the existing building 
stock and consequently are primary candidates for adopting measures of energy 
saving techniques. 
3. The promotion of renewable energy systems in the built urban environment 
which, besides the obvious advantages of net power, leading to the transfer of 
production of energy as close as possible to the place of consumption, easing 
transportation and distribution of energy problems. 
Generally, it is vital to discuss the difference between renovation and transformation 
of a building and the aspects implied by these two concepts. Renovation is considered to 
be a change of specific elements of the structure or systems. Transformation is a sense 
attached mostly to the change of use and is associated with the change of whole systems 
in order to obtain a high energy performance of the building. Transformation is mostly 
related to the concept of a building that produces more energy than it consumes. In 
these kinds of buildings solutions are found that will boost the use of recycling prod-
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ucts, reduce consumption levels and develop physical ties with the past in order to live a 
sustainable future. Nowadays, this may seem an unrealistic design approach. Financial 
constrains are the most important factor, and so slight intervention in the building enve-
lope or systems it is more sensible. [6]   
Sustainable renovation is based on the use of local elements in the combination with 
slight interventions. On the other hand transformation is mainly based on the capitaliza-
tion of different effects that are influenced by local climatic conditions. Adding parts to 
the construction or demolish in others are useful tools in order to transform part of a 
building or as a whole. In renovations the tool of selective demolition is often used in 
order to deal with problems that are initially introduced in the first construction. All the 
above should lead to the creation of a healthy interior environment, durable and protec-
tive building envelope with systems that produce energy on this envelope. 
3.1 A holistic approach of energy efficient building 
design 
High energy building performance is formed by whole building design process. It is a 
process of collective cooperation of different scientific groups that are aware of a build-
ing as a whole of discrete parts (landscape, structures, HVAC systems and usage).These 
parts interact with each other, become elements of simulation tools and as a result 
change designing process progressively. This approach ensures easy and non-
competitive cooperation of the various parts of the building, also aiming at a high per-
formance construction, of low operation and costs throughout its life cycle. 
During whole building design engineers come across different problems that influence 
all the final decisions. These decisions are results of compromise and prioritization 
among them and constantly change till the final project delivery. Ideally, these deci-
sions, not only met individual obligations, but the final result is successful and individu-
al obligations are also boosted by the whole process. 
Due to a global shift towards sustainable development, designers and contractors are 
facing increasing pressure to create high energy performance. While there are different 
approaches of designing it is a common place that "Sustainable" buildings must have 
the following characteristics: [7]   
1. Minimum consumption of non-renewable conventional resources–fossil fuel 
(hydrocarbons, materials, water, earth). 
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2. Minimum emissions (greenhouse gases, particulate matter, oxidants, etc.) 
3. Minimum liquid and solid waste. 
4. Minimum impact on surrounding ecosystems. 
5. Maximum indoor environmental quality (quality of air, thermal comfort, lighting 
and acoustic) 
The core is the holistic approach of different parameters: different specialties, micro-
climate and neighborhood analysis and life cycle cost, the building and its technical sys-
tems, environmental impacts during construction, operation, refutation and deconstruc-
tion. The aim is to optimize all these parameters but such optimization is only possible 
when different engineers agree to cooperate. Hence, energy systems are required not to 
be complementary to the architectural design, but a basic element of the building from 
the beginning of designing process. Also, it is a reiterative process, reviewing alterna-
tive solution that appear during construction. Energy simulation programs are used in 
order to quantify energy results. Nowadays, programs (BIM) have been evolved that 
have the ability to collect data about all elements to do with the buildings. BIM (Build-
ing Information Modeling) (Figure 1) is a method that helps sustainability by collect-
ing information like: [8], [9] 
1. 3d model that help to understand  complexity of space and spatial characteristics  
by different groups 
2. Quantification and sizing of measurable data 
3. Availability of building elements (construction details, general plans, sections, 
HVAC systems, sewages, lighting, power systems, firefighting systems etc.) by 
different specialties through an interactive platform. Construction details 
4. Information about the building throughout its lifecycle, from designing and con-
struction to operation and maintenance. 
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Figure1: Illustration of BIM methodology 
 
Unfortunately, using these kind of tools is not a common practice in Greece, even in 
large public projects where traditional ways of design are preferred. 
 Usually, the process in a case of renovation is the following:  
1. Inspect location, climate and users objectives in order to perform an energy audit 
2. Analyze building legislations that are in force  
3. Model the energy performance of the building based on the new proposals 
4. Coordinate the building design, by the effective cooperation of designing teams 
5. Finalize the construction of the project and organization of work 
As can be found in the literature, the methodology of feasibility studies is based on four 
steps .The most important is to understand the way that the building functions and to set 
the initial goals. 
In a case of a renovation vital elements of the building exist. These elements make 
sense because they were initially constructed and maybe have survived after several 
changes in the building. Changes made in the past maybe simple, like the replacement 
of a boiler or roof, or more complicated like masonry dismantling. In any case these 
changes have to be considered as elements that contribute to a whole and effect not only 
energy performance of the building but safety issues. Also, in most of the renovations, 
owners ask for the minimum changes with optimum results. This phenomenon is more 
obvious in hotels, offices and commercial buildings. 
Subsequently, an energy audit is performed and the most important problems of the 
building are identified.  Energy performance in renovations is a complicated issue, due 
to the fact that it is much easier to understand the function of the existing building com-
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pared to a new one. This is a major advantage for the project. Actual energy consump-
tion, water use, and the subjective way that the user see the building are elements that 
can be investigated in order to have more effective improvement. Utility bills are also 
the first source of energy data. Through them changes can be found due to seasonal var-
iation or hourly change of use. In the third phase the options are defined and the finan-
cial viability of them and lastly are verified through a simulation tool in order to quanti-
fy the energy saving measurements. 
 
3.2  Legislative and Regulatory Framework 
In 1974 the legislative framework of thermal insulation was initially established in 
Germany and France. Five years later, the same framework was also established for 
thermal insulation in new buildings in Greece. (4-7-1979/Greek Official Gazette 362).In 
the last three decades the legislation has evolved. 
Nowadays, Regulation of Energy Performance of Buildings –K.E.N.A.K. (2010) is 
in force, in which the regulations for upgrading of building stock are defined along with 
reduction of energy consumption and CO2 emission. 
The main points for new constructions are the performance of energy feasibility study 
since October 2010 for applying for planning permission and the second obligation is 
the performance of Energy Audit regarding HVAC systems and building envelope. Re-
alization of this goal is possible through the use of energy efficient building materials, 
efficient building envelope design and installations of electromechanical systems, re-
newable energy systems and use of combined heat and power systems. 
The implementation of K.EN.A.K. is made through obligatory Technical Instructions of 
the Technical Chamber of Greece (T.O.T.E.E. KENAK).The four parts of the TOTEE 
are the following: 
 T.O.T.E.E. 20701 - 1/2010 "Detailed national standards for calculating the en-
ergy performance of buildings and energy performance certificate." 
 T.O.T.E.E. 20701 - 2/2010 "Thermophysical properties of building materials 
and controlling the thermal insulation coefficient." 
 T.O.T.E.E. 20701 - 3/2010 "Climatic data of Greek regions " 
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 T.O.T.E.E. 20701 - 4/2010 "Instructions and forms of building energy audit of 
boilers, heating systems and air conditioning systems." 
According to the TΟΤΕΕ 20701 – 1/2010« Detailed national standards for calculating 
the energy performance of buildings and energy performance certificate." (p.47) reno-
vation is defined when: 
1. Renovation is made over the 25 % of the total surface of the building envelope. 
Building envelope is defined as the total external layer including windows. 
2. Total cost of renovation for building envelope and mechanical systems exceed 25 % 
of the total building cost. The value of the building is determined by the total project 
budget while the cost of the renovation is determined by conventional analytical budget 
or tax. 
During the last years, authorization of a project of upgrading a building is simplified 
with a process called Small-Scale Permit (Ministerial Order 55174/4-10-2013).Within 
the framework of this law a large variety of modifications can take place like: 
 Coating facades and replacement  of glazing 
  Light construction for shading reasons in open spaces, or in the surrounding, or 
in the lawn or on the roof or in open balconies or ground floor terraces and 
floors. 
 Interior reconfiguration, since they are not harmed elements of the structure of 
the building 
 Exterior Insulation or passive solar systems on exterior facades of existing build-
ings  
 Installation of solar and photovoltaic systems 
 The construction of green roofs and planted surfaces 
 Functional unification of spaces 
 Replacement of roof,  with one of the same dimensions, without changing the 
volume  and without increasing the final height of the building and the roof and 
other 
New Building Regulation (9-4-2012 /Greek Official Gazette79A) which is in force, 
appeals to the more friendly energy constructions. Sustainable design is encouraged, 
and a percentage architectural elements and are not counted in the built area.  For exam-
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ple, staircases are not counted, in order to achieve their appropriate design. Also, facili-
ties that support energy saving, recycling and water treatment etc. are not counted ei-
ther. 
According to current legislation in case of new constructions and building over 1000 
sqm  that are over major renovations the performance of building energy calculations  is 
obligatory, which includes calculations of thermal transmittance coefficients for various 
elements of building envelope carried out by the Software for Certification of the Ener-
gy Performance and Energy Performance Certificate (at least class B). 
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4 Building Envelope Design 
4.1 Elements of the building envelope 
In this chapter it will be described how energy consumption is influenced by level and 
place of insulation, envelope thermal mass, and type of glazing, air-tightness. Moreover, 
information can be provided for replacement or placing addition at insulation material 
that can be used. All this will depend on how old the building is and each typology.  
Building envelope consists of exterior walls, roof, windows and doors of the structure. 
Most energy is consumed due to the fact that all these elements do not have specific 
characteristics and do not cooperate as a whole with other. Each structure should have 
specific characteristics in order to be favorable and to provide thermal comfort in the 
interior. Furthermore, it should be mentioned that envelope selects sun radiation as 
much as possible and does not transmit radiation or leak air, unless it is required. Sec-
ondly, it must keep outside water and humidity in order to avoid mold from the conden-
sation of the water. Also, the daylight that enters the building should be controlled 
hence the undesirable glare is controlled. Lastly, the replacement of fresh air is vital for 
health and thermal comfort issues. All these above mentioned reasons are why the 
change of the buildings envelope during a renovation is crucial and affects sustainability 
issues and functional performance of the building. A well designed envelope diminishes 
energy demand for reasons of heating, cooling and lighting. 
4.1.1 Heat storage in buildings 
Heat is transmitted by convection, conduction, or radiation. In order to reduce energy 
demand the heat transmition from the building to exterior environment must be reduced. 
Each structure acts as a storage of heat. Heat is stored during the day in the mass of the 
structure and is rejected into the environment during night, depending on the prevailing 
temperature difference. 
Building materials have the ability to absorb and store heat at a different level depend-
ing on two characteristics. The first is the density (ρ) of its mass and the second is the 
rate of the thermal conductivity (λ).The mechanism that works in each building is sim-
ple. Sun rays enter from glazing to interior and solar energy is transformed to thermal 
energy and is stored in the building elements. This transformation of energy changes on 
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the wave length. Hence, it is not allowed to exit the glazing and as result is stored into 
the building elements (slabs, walls etc.) till this ability of storing energy is saturated. In 
order for a structure to function as a heat storage construction materials should be used 
with increased thermal mass that are distributed equally to the envelope.  
 Daily temperature change can be described by a sinusoidal curve. Internal temperature 
and external temperature change, simultaneously. (Figure 2) The first is being influ-
enced by the second temperature but the deviation between the maximum and the min-
imum value of the interior temperature is not as great as that of the exterior temperature. 
Variations are repeated daily and is mentioned in the literature as Periodic Heat Flow. 
[10] 
 
Figure2: Daily temperature change 
 Time lag (φ) and the decrement factor (μ) are the variables that describe PHF. Time lag 
determines the time between an extreme exterior temperature (To) and an extreme inte-
rior temperature (Ti) (minimum or maximum).Also, time lag depends on construction 
materials that determine thermal inertia of the building. Construction materials like 
brick or concrete have large thermal inertia, because they have the ability to absorb, 
slow, large amounts of thermal energy and to store it in their core. Time lag is measured 
in hours. The second factor, decrement factor, is the ratio of the maximum outer and 
inner surface temperature measured on a daily basis (μ=Ti max/ To max).The higher the 
thermal inertia of a building the minor is less significant.  
These two factors determine the amount of heat that can be stored in building elements 
and as a result determine the level of thermal comfort in the building. To conclude, the 
18 
 
use of proper construction materials aims to have small diurnal variations between the 
values of internal temperature and have the desirable delay of change of the internal 
temperature which is influenced by the external temperature. Hence, the first aim is the 
minimum interior temperature to be shifted to morning, when building can have again 
solar gains and maximum interior temperature to be shifted during late night hour’s 
.During summertime, this temperature can be reduced by means of night ventilation.  
Traditional architecture can educate us in order to understand the way that a building 
functions and how the materials can be used optimally. For example, in areas with hot 
and dry climates soil is used as a building material due to its large thermal capacity. In 
Santorini many underground structures exist which are not influenced by daily tempera-
ture variations or intense wind. External temperature, which raises during hot periods, 
influences internal temperature only till August (Ti does not exceeded 26 ⁰C).Cold win-
ter temperatures influence internal conditions only until late winter, February. This de-
lay in Ti change is the outcome of the fact that soil covers the largest surface of the 
building. Nevertheless, the open façade gives the ability for fresh air and sun rays to 
penetrate into the inner part of the house. 
4.1.2 Thermal Losses 
Thermal losses are inevitable in old constructions. Greek legislation introduced the use 
of thermal insulation in new constructions in 1979.Many existing building are not insu-
lated at all. 
The prime goal is to reduce thermal losses of the building envelope. The factors that are 
responsible for this are: 
 The rate of total external surface to the total volume of the building (F tot/V tot), 
the lower the rate, the fewer the thermal losses. 
 The protection of external surfaces from climatic variations. The form of the 
building mass and its incorporation in the urban fabric are ways of reducing 
losses. For example, when buildings are set in blocks the thermal losses are di-
minished. 
 Reducing exposed parts of the mass to the north. It is not a coincidence that in 
traditional houses on the north facade a stable or a storage was placed in order to 
limit the effect of cold winds on the thermal conditions of the interior. 
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 Heat transfer from interior to exterior through gaps of window frames. This is a 
result of wind change pressure between the two spaces or change of temperature. 
Air tightness is important but in spaces with many people the change of fresh air is vital 
for health reasons. It is estimated that an adult needs 30 m3 fresh air per hour, in order 
to have the oxygen needed. Also, air change removes undesirable odors. It is important 
in offices to have four air changes per hour for health reasons. Air change should be 
controllable and not be averted even on cold winter days. This function can be operated 
even in physical (windows, crevice under doors, etc.) or mechanical ways (nozzles, 
chimney, etc.) or with a combination of these two. Fresh air should enter from openings 
in main spaces and the extraction should be done through shafts in auxiliary rooms at 
the same time though, avoiding thermal losses. 
4.1.3 Thermal Insulation 
Materials with small thermal capacity have a large thermal conductivity factor and can 
be used for thermal insulation. An extra insulation layer added on the buildings enve-
lope has the ability to reduce thermal losses during winter by trapping heat, whilst dur-
ing summer protecting the envelope by not allowing heat to penetrate to the building’s 
core. 
Thermal insulation is used in different climates, as part of different technical solutions. 
In cold climates there is a need for protection from extreme external temperature com-
pared to the 26 ⁰C (designed T). In hot and dry climates thermal mass is an important 
parameter concerning the extreme temperature variation between day and night. In cases 
of temperate climatic conditions, a well-insulated north façade and a west facade with 
large thermal capacity is essential because this surface is considerably heated during the 
summer period. 
4.1.4 Insulation Strategies 
There are four different insulation strategies. Selection of each strategy depends on us-
age of building (residential or commercial use), also the hours of daily usage (continu-
ous or intermittent) and special regional climate characteristics. 
In Greece, the most commonly used type of insulation is on the core of the building el-
ement. This technical solution is not approved by the latest legislation, because insula-
tion material is placed between the two rows of each masonry. In the concrete elements 
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insulation is placed at the external part of the columns and beams during the initial part 
of the construction. Total surface of the insulation material is interrupted and as a result 
thermal bridges are produced. 
Nowadays, in new constructions external insulation systems are mainly used. Even in 
cases of renovation this is the most commonly used strategy. Thermal bridges that were 
a result of former insulation techniques have disappeared, because building envelope is 
totally sealed. 
Walls which are insulated from the external part tend to restrain thermal losses of their 
mass, even when heating has stopped. Materials retain their thermal capacity and space 
is heated for a significant number of hours. This is the reason why this technique is pre-
ferred for residential use.  In cases of adding an external layer, the total interior area is 
not reduced and the function of building cannot be interrupted during construction. Fur-
thermore, the external surfaces of the building are protected from contraction and ex-
pansion. 
Generally, this method is more expensive compared to internal insulation techniques 
and in cases of structures which are not compact, with complex form, cannot be used. 
When the form of the building is complicated, the structural elements are visible or 
there are variations of materials on façade this type of insulation is not applicable. Using 
external insulation impose the use of materials in order to cover and protect the insula-
tion layer. In addition by reducing the ability of using different type of materials is im-
posed a rigid and specific form of the building façade. 
Another technique is adding insulation in the internal part of the building. In such cases, 
construction is simple, a lot construction time is not needed and this method is more 
economical compared to external insulation systems. Also, construction can be done at 
any period of the year, because it is independent of the climate variations. 
Internal insulation systems are ideal for spaces that should be heated quickly. Schools, 
offices, hotels and any commercially used buildings can be insulated from the inner 
part. Spaces can be heated quickly and they cool down respectively quickly as well, be-
cause thermal capacity of construction elements is not exploited. Furthermore, total area 
of the space is reduced due to the fact that part of it is covered. The most important 
drawback of this solution is that mandatory wiring cannot pass through an insulation 
layer. Hence, additional area (seven to ten centimeters) is lost by adding plasterboard 
panels and support frame over insulation. 
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Another method is the usage of insulated bricks. In this case walls are built using pre-
fabricated elements of specific shape and dimensions. The construction process must be 
precise in order to avoid humidity entering into the core of the bricks and the deteriora-
tion of its thermal characteristics. [11] 
4.1.5 Types of Insulation Materials 
Insulation materials can be defined by physical and ecological characteristics. Physical 
characteristics are concerned with elements that define the behavior of the material un-
der specific situation and also determine the proper use of it on the construction. Densi-
ty is an important physical characteristic of every material. In case that same category of 
insulation materials have a different density, the one with the larger density is more ap-
propriate for thermal protection because cellular structure is more compact. 
Other characteristics are thermal conductivity, durability in change of humidity and 
temperature change difference.  
Products that are now on the market –whether conventional or not- are most of the time 
not flammable or not readily flammable; mineral fiber materials have better reaction in 
case of fire. The reaction of the materials in such situations are defined by the DIN 
4102. The classification is made depending on the time period, in which the material 
retains its properties in case of fire. There is not still any methodology that can estimate 
fire resistance of a building element that consists of different materials. 
In order to evaluate a material the following sustainability criteria (ecological character-
istics) should set: 
 The amount of energy required to produce a mass unit of thermal insulation ma-
terial. (kWh / kg).  
 Recyclability. Conventional insulation materials like extruded polystyrene are 
produced by fossil fuels and cannot be recycled.  Even though rock wool can be 
recycled, the whole process is energy intensive. Also, the cost of production of 
the material have not forced the market to bother recycling it. 
 Pollution during manufacture process. Conventional thermal insulation materials 
contain chlorofluorocarbons (HCFC) .Since, 2004 the usage of substances like   
HCFH and CFC that are responsible for Ozone Depletion has been banned. 
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 Content of dangerous pollutants for human health. Insulation materials can be 
destroyed by bugs, rodents and mold. Hence, during manufacture chemical sub-
stances are added that protect them from external factors. These chemicals are 
dangerous to our health and should be avoided. 
As part of this thesis an effort was made to organize insulation material both conven-
tional and non-conventional in the following table. [12],[13]& [14] 
Table 1: Τtypes of Insulation Materials 
 
TYPE 
  DENSITY 
(kg/m3) 
K 
W/(mK) 
MADE OF RECYCLA-
BLE 
SUSTAINABILITY 
ISSUES 
ENERGY  
NEDDED DUR-
ING CON-
STRUCTION 
EXTRUDED 
POLYSTERENE 
25 - 35 0,4 Hydrocarbons  
Production of  hydro chlor-
ofluorocarbons and pentane 
(responsible for  ozone 
layer depletion before 
2004)- production  of  toxic 
gases in case of fire-totally 
sealed construction 
 
 
450-850 kWh/m3 
POLYURE-
THANE 
30 - 35 0,25–0,30 
Polyol –
Isocyanate 
hydrocarbons 
 
 
 
Production  of  cyanide in 
case of fire-totally sealed 
construction 
 
1000-1200 
kWh/m3 
ROCKWOOL 30 - 150 0,35 – 0,5 Sand- basalt 
 
 
 
 
No pollution during manu-
facture -but CO2 production 
during transportation of raw 
material to the industry- 
carcinogen danger to human  
respiratory system 
 
 
150-250 
kWh/m3 
WOOD WOOL 360 - 570 0,90 
Laminated 
fibers of 
wood 
 
(contains non 
recyclable 
magnesite) 
Non-toxic 
 
 
PEARLITE  9-100 0,5 
Obsidian 
volcanic rock 
 
 
Non-toxic  
 
230  
kWh/m3 
CORK 
 
120 – 200 0,45 – 0,55 Bark 
 
Extremely expensive -
during placement used  glue 
with  formaldehyde(toxic) 
 
80-90 
 kWh/m3  
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4.2 Double Skin Façade 
As part of this thesis an effort was made to introduce Double skin façade as a way of 
treating one of the most important existing elements, of the building: front façade. In 
this chapter an attempt is made to understand the types, the function, the structural char-
acteristics and the total energy impact of Double skin façade. In order to succeed in this 
direction two possible cases were formed that can be implied on the examined office 
building (see Chapter6). Initially it is important to understand the function of DSF and 
the reason why it is utilized, by analyzing the various types and making a reference to 
the first memorable implementations that were made in Europe. In that sense, Le Cor-
busier work has offered many examples which can provide information. 
4.2.1 Definition 
Double Skin Façade is defined as a construction that consists of three elements: tradi-
tional glazed façade, the additional internal glazing and the gap between them. The gap 
ranges in width between ten centimeters to two meters and influence the air flow into 
facade and the way of its maintenance and cleaning. On the external glazing layer shad-
ing devices, automated shutters and fans are integrated in order to accomplish proper air 
flow from the cavity to the space or from the lowest opening on the first floor to the 
highest opening. [15] 
4.2.2  DSF as a Designing Tool in Different Climate Zones 
DSF is considered   a method usually more suitable for colder climates because light 
can enter into the building’s core easily. Multi-story building typology it is more appar-
ent in cities of North Europe. Uuttu after research indicate that In Finland box window 
facades are mainly used whereas in Denmark and Sweden they use multistory. [16] 
Transparent surfaces can let the light penetrate into the building and reduce the dark ar-
eas of the layout. Nevertheless, careful planning of the layout is important because large 
glass surfaces can create a glare especially when the sun is low. During the night this 
transparent construction become light objects of the urban fabric. A classic example is 
Torre Agbar, of Jean Nouvel, in Barcelona. DSF is a way to minimize energy load and 
at the same same time keep that building’s façade transparent. 
In the Mediterranean climate controlled solar heating is important during the period 
from March to October. Hence, DSF may cause overheating if it is not appropriately 
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designed. It is vital to use DSF as an element that collects heat during winter and en-
hances natural ventilation during summer.  
Maybe it is  radical to use this kind of  technique in Mediterranean climates but re-
searches based on stimulation tools( TAS) have  shown that cooling loads are larger 
than heating loads on DSF especially for buildings that face south in cities with  a mod-
erate climate. Our proposal (see Chapter 6) is based on a research made on a building in 
Barcelona. Barcelona has a climate very similar to this of Thessaloniki.  Torres et al. in 
this case study make clear that a way to prevent overheating is the proper sizing of the 
cavity –height, width and depth. [17] 
Generally, smaller cavities along with the absence of horizontal partitions have better 
energy performance. The contribution of this to the total is of little value but the overall 
advantages of the DSF are more important for the function of the building as a whole. 
4.2.3  Classification of Double Skin Façades 
 In literature categorization of the DSF is based on a variety of parameters. Based on 
bibliographic research, DSF can be classified depending on: 
1. Design of the façade 
2. Glazing type 
3. Shading device 
4. HVAC strategy 
This classification can be summed up in the following table. [18]& [19] 
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Table 2: Classification of DSF 
DESIGN OF DSF 
 
 
 
 
DIVIDED AIRSPACE 
Each floor acts as an independent part 
of the façade. It is the best option for 
fire protection and reduction of sound 
annoyance. 
DOUBLE WINDOW 
Consist of two windows or one window with 
double glazing. Usually combined with natu-
ral ventilation 
DSF SEPARATED PER FLOOR WITH 
JUXTAPOSED MODULES 
The gap is separated per floor by the module 
used in the facade 
CORRIDOR-TYPE DSF SEPARATED 
PER FLOOR 
The cavity is more than one meter in order to 
be used as a movement area. Usually is ex-
tended to the entire  facade 
 
 
 
 
UNDIVIDED AIRSPACE 
Air enters from the first floor, is heated 
in the cavity and moves upwards and 
exits the upper floor. This system is not 
so successful when there are more than 
three floors. Also, the upper floors are 
usually overheated. 
SHAFT-BOX 
Applied on naturally ventilated facades by 
using stack effect. Prefabricated modules 
placed on each floor. Vertical ventilation 
ducts are placed in the cavity and are extend-
ed to all floors. 
Each module is connected to one duct. Ducts 
make stack effect more intense by enhancing 
air flow via the modules. Air moves upwards 
in the duct and exits the outlet several floors 
above. 
MULTI-STOREY FAÇADE 
The cavity is not separated in both of the two 
axes (vertical- horizontal), hence a large space 
is formed between the two layers of the fa-
çade. The width should be adequate for clean-
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ing and maintenance. In some cases the gap 
runs along the whole perimeter of the con-
struction. The cavity is either naturally or me-
chanically ventilated. This type of DSF is ide-
al for blocking outside noise disturbance. 
MULTI-STOREY LOUVER DF 
Similar to the multi-story façade but the ex-
ternal layer consist of pivoting louvres 
GLAZING TYPE 
TYPE OF GLAZING Single, double, for internal or external layer 
TYPE OF PANEL Transparent, semi-transparent, solar control 
glass etc. 
SHADING DEVICE 
A way to  control  how much radiation is absorbed or reflected 
TYPE OF  SHADING Louvre, blinds etc. 
POSITIONING OF SHADING Internal, external, in the cavity 
HVAC STRATEGY 
  
 
TYPE OF VENTILATION 
 NATURAL 
MECHANICAL 
HYBRID VENTILATION  
(Combination between natural and mechani-
cal ventilation). 
 
 
 
 
 
 
 
OUTDOOR AIR CURTAIN 
Air enters the cavity from the outside and is 
immediately moved towards the outside. An 
air curtain is formed that surrounds the exter-
nal layer of the façade. 
INDOOR AIR CURTAIN 
Contrary to the aforementioned. Indoor air 
passes through the air handling systems and is 
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VENTILATION MODE OF THE 
CAVITY 
Attributes to the way of air flow in the 
cavity. The ventilation mode of the 
cavity is  irrelevant to the type of 
HVAC system used in the whole build-
ing 
rejected back to the space. Thus an indoor air 
curtain is formed. 
AIR SUPPLY 
Outdoor air is used which is brought into the 
space or in the ventilation system. The venti-
lation of the façade makes it possible to sup-
ply the building with air. 
 
AIR EXHAUST 
Indoor air is rejected towards the outside. 
BUFFER ZONE 
Between the two layers a buffer zone is 
formed, where there is no ventilation .Each 
layer of the skin is airtight. 
NIGHT COOLING  
Refer to the natural ventilation of a building with proper thermal mass, when during 
night air flows from opposite windows or from windows through a shaft in order to re-
duce temperature structure. Temperature can be reduced up to 3° using this method. 
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4.2.4  EXAMPLES 
OCCIDENTAL CHEMICAL HOOKER BUILDING IN NIAGARA FALLS 
Location: New York, U.S.A. 
Architects:  - 
Floor Number: nine 
Construction: 1980 
The climate in the area is generally cold and snowy (avg. 59.9cm) during winter and 
humid the rest of the year because the area is adjacent to the Niagara River. Winter 
temperatures average below freezing between December and February (0°C/ -7°C) and 
between 25°C/15 °C during summer. 
Occidental Chemical Hooker is a typical commercial building of nine stories and all 
four facades are similar to each other (Image 4). It has a compact form of a cube and 
each floor plan has a service area which is surrounded by offices and retail areas (Image 
5). Double Skin Façade designed in this case has undivided air space with dampers for 
the entrance of air and air outlet at the top (Image 6). In the building two different types 
of air handling systems exist, one for the ventilation of the cavity and another for air 
conditioning of interior spaces. This choice was made in order for occupants not to have 
an option of controlling interior temperature conditions. The building is totally sealed 
and HVAC system is totally controllable in order to reduce variability of incoming air 
and energy consumption. The goal of ventilation of the cavity was to mitigate the tem-
perature of the interior glazing, along with the louvres placed inside the cavity which 
are controlled by a sensor. Louvres can be closed in order to seal the building’s enve-
lope during winter (Image7). Some years later provoked problems arose like operation 
and maintenance of the mechanical elements and louvres in the cavity. The louvres 
stopped rotating after some years and the intake opening was covered by plywood so 
the air could not be drawn upwards. As a result, upper floors had overheating problems.  
In order to deal with this problem occupants added internal vertical louvres which were 
painted with a white highly reflective color. Generally, this building is a classic example 
of a construction with a high technological system of its time and with aging of the 
building, the wrong usage and the initial designing issues all these provoked a list of 
problems that could not be solved easily. [20] 
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CENTRE CULTUREL JEAN-MARIE TJIBAOU 
Location: New Caledonia 
Architects: Renzo Piano 
Floor Number:-  
Construction: 1998 
Cultural center Jean-Marie Tjibaou was designed by Italian architect Renzo Piano in 
1998, in New Caledonia. Local climate is characterized by two main seasons, a warm 
and wet one and a dry one. The warm season is from December to March, when the 
maximum temperature is around 32°C and is characterized by heavy rains, high winds 
and sometimes tropical cyclones may appear. During the period from August to Octo-
ber, the minimum temperature is 16° C. The humidity in New Caledonia is very high 
throughout the year reaching 74%, in April and rainfall is 150mm. 
 Renzo Piano’s work was strongly influenced by local environment and architectural 
forms. An effort was made to combine characteristics of local vernacular architecture 
along with new technologies.  The construction is fully attached to local construction 
techniques and blended with the tropical climate. Layout of the building’s complex -a 
set of ten huts- is loose with many voids covered by trees (Image10). Vegetation pro-
vides shading to the construction. High vegetation is placed in front of the huts and in 
the north, around the low buildings, which creates voids in the center. Vegetation has a 
dual role. Firstly, to act as an air filters and secondly protect spaces from the glare of 
sunlight. 
The position of each hut is similar to traditional villages and enhances the continuous 
air flow between the constructions (Image8&9). Passive ventilation technique is used, 
providing fresh air in the building and minimizing the need for mechanical ventilation. 
In this case two layers of wooden net are designed; the barrier between the inside and 
the outside is an intermediate space between the two layers. The system used is hybrid 
because it is a result of a natural and mechanical ventilation combination. 
The envelope consists of two layers. The inner layer is made from glazing and the exte-
rior is formed from wooden blinds from tropical wood Iroko. The ten wooden huts are 
formed as curved shells and the density of the blinds varies depending on the height, so 
lighting and ventilation is regulated. (Image11).  The blinds are completely joined at 
mid-height of the hut and create a barrier for the air which is distributed with less inten-
31 
 
sity to the other heights. Air flows from beneath opened shutters to the core of the con-
struction and moves upwards to the curved part. This air flow forms the chimney effect, 
which operates as a passive ventilation system in the best possible way. [21] 
 
 
 
Ιmage 8&9:  Sketches of air flow in normal climatic conditions &  in the event of hurri-
cane 
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Image10: Masterplan of Cultural center Jean-Marie Tjibaou     Image 11: Model of a hut 
 
 
 
COMMERTZBANK 
Location: Frankfurt, Germany 
Architects: Norman Foster and Partners 
Area: 120 736m² 
Floor Number: fifty three (height=298m) 
Construction: 1997 
The city of Frankfurt has a temperate-oceanic climate. Its average annual temperature is 
10.6 °C with monthly mean temperatures ranging from 1.6 °C in January to 20.0 °C in 
July. 
Commertzbank building is characterized by its designer as one of the most ecological 
office buildings in Europe and has been honored with RIBA Architecture Award. It is 
proposed as a project that implements new working patterns in an environment that of-
fer public spaces formed as nine gardens. (Image12&13).   
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Τhe layout of the building is triangular and an atrium exists at the center (Image14&15).  
The aforementioned nine gardens are placed around the atrium at different levels. This 
gardens are not only places of socialization but also give the tower the sense of trans-
parency and allow fresh air and light to penetrate at the core of the building during tem-
perate days. On the other hand, during winter, garden openings are closed in order to 
store heat. Generally, the project is highly depended on naturally ventilating systems 
and lighting. The designer’s team claims that energy consumption is diminished to half 
compared to typical office towers because the building can be naturally ventilated for 
half a year. 
Office users have the ability to define the internal environmental conditions by opening 
windows whenever they think necessary.  Also, windows on the atrium can be opened 
regardless the floor level. BMS is connected with them in order to secure that air han-
dling units work only when they are closed. 
Norman Foster and Partners used double skin glazing with a ventilated gap. As can be 
seen on the section (Image16) blinds are placed in the cavity. When heat is needed the 
vents are closed and allow temperature to rise in the gap whereas they are opened when 
there is need for cooling. 
Cooling is also provided by chilled ceilings and heat from perimeter heating. Typical 
convector heaters are used in all rooms. Furthermore, users can control the air tempera-
ture for their own individual space. Lighting systems are attached to motion sensors in 
order to reduce excessive energy consumption. Shading devices and opening of the 
windows are adjusted to the   ideal conditions by a computer controlled management 
system. [22] &[23] 
 
 
 
 
 
 
34 
 
 
35 
 
4.2.5 Advantages & Disadvantages of DSF 
Generally, the advantages of using DSF as a designing tool, compared to the common 
office building are many in number. Nowadays, especially in Athens, a common way to 
handle facades of office building is by using large areas of reflecting glazing. As a re-
sult the contribution of natural ventilation to the quality of the indoor air is diminished. 
Moreover, a massive piece of construction is produced. In this kind of construction the 
problem is provoked from the outside. External light is reflected on the glazing and an 
uncomfortable outdoor environment is created.  
In DSF, during winter the need for heating is reduced, because in the intermediate space 
between the two glazing air is preheated. Also, during summer in case of ventilating fa-
çade, night cooling reduces the need for cooling loads. Furthermore, the intermediate 
space between the two glazing - cavity- acts as a filter to the external disturbance from 
sound and traffic of the road. On the other hand, the design of the façade should be ap-
propriate in order to avoid problems of overheating of offices. High cost of the con-
struction, difficulty in cleaning the cavity and lastly, the problem  of cross talk via fa-
çade from one office to another when the windows are opened or when sound passes 
through  upper openings  of  the offices (see twin face system ) are additional problems 
that should be faced during the study. [24] 
4.2.6 First Attempts to Create Double Skin Facade 
Active systems  used into facades  is an idea that blossomed in European Architecture 
during the1930s when Le Corbusier first visited USA (1935).He first detected the tech-
niques that American engineers used in order to provide better indoor environmental air 
quality and more stable temperature in the  buildings, without taking into consideration 
outdoor temperatures. New technologies had formed buildings with huge glazing areas 
on facades and low-quality indoor environmental conditions. During his trip Le Corbu-
sier came across new ideas and tried to incorporate these techniques as ‘design tools’ in 
the Modern Movement. The ideas of ‘mur neutralisant’ (thermally active facade in 
opaque or glazed walls) in combination with ‘respiration exacte’ (internal air condi-
tioning), were first implemented in Centrosoyus, in Moscow and the City of Refuge 
(Image17), a very large residential building in Paris. The ideas were primitive and very 
difficult to implement in the construction due to financial reasons. In order to under-
stand the difficulty, it should be mentioned that ‘mur neutralisant’ was again used fifty 
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years later (1980) in Duisburg Microelectronic Park, maybe one of the earliest samples 
of eco design. 
The ideas of ‘mur neutralisant’ and ‘respiration exacte’ are supplementary. Firstly, 
the building envelope should be airtight made by sealed glass or concrete wall in order 
to prevent transaction of heat or air from the inside to outside and vice versa. Secondly, 
an air conditioning system is added, like those used in theaters at that period of time. 
Finally, the façade of the building was constructed by two glazed elements and between 
them Le Corbusier installed water heat radiators. This idea become more effective when 
he recommended to place air pipes around the cavity and proposed treated air to be 
bowed in the cavity ,warm in the winter and cold in the summer in order to mitigate in-
fluence of the external environment in the core of the construction. In theory, this sys-
tem would maintain constant internal conditions (T=18ºC). (Image18).   
Nowadays, this concept might seem plain but it was an original attempt in order to face 
problems that Modern Movement buildings had developed. Financial difficulties and 
lack of knowledge had put a restriction on the evolvement of such techniques. Le Cor-
busier’s system is a precursor to the active system facades.  
From his early professional years he suggested to implement similar techniques in other 
projects like Villa Schwob in Switzerland in 1916 (Image19), where one of the two win-
dows, at the two stores height level, was designed by two layers of glass with heating 
pipes between them .  
Another technique that was used in many of his projects was ‘brise soleil’ (solar con-
trol) a common ground for many of his projects. The way that sun rays were used was 
fully associated with the climate of each country and the usage of each building. We can 
admit that he used common tools -like screen wall or glazing- in a very different way 
though depending on the place where the construction was made. During his post war 
period, solar screens were added to the external glazed facades, as a passive measure 
that could control sun rays and create an intermediate space between the inside space 
and the external layer of the construction [25]  & [26] . 
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5 LIGHTING ASSESSMENT 
The main objective of this chapter is to analyze the importance of lighting as an element 
of space and as a factor that regulates total energy consumption of the building and vis-
ual comfort of the users. Also, methodologies will be proposed in order to reduce con-
sumption by methods like enhancing physical lighting, automatic lighting control etc. 
Lighting is an important parameter in energy consumption of office buildings. Retrofit-
ting should combine maximization of natural lighting, along with the proper design of 
artificial lighting and utilization of green products. The aim, of a retrofit is also to con-
tribute to lighting quality of a space. 
5.1 LIGHTING QUALITY OF A SPACE 
Understanding parameters that influence lighting quality of a space is an important pa-
rameter of making decisions during the design process. Current research on lighting 
quality has shown that the following are the most important factors. These factors are 
part of the European Standard (EN 12464-1) where lighting requirements are deter-
mined for work spaces. The scope of standardization is to govern indoor workplace 
lighting through the creation of objective criteria. 
Luminance: Each task generated by humans, is influenced by the ability of the eye to 
collect rows of images and transfer them to the brain. When luminance is not distributed 
uniformly, visual comfort is influenced and task visibility is disturbed. The human eye 
is not able to adapt fast to large luminance variations; it can receive a wide range of lu-
minance, but high luminance in a space can provoke glare and visual fatigue. On the 
contrary, low luminance results in difficulties in the working environment and as a re-
sult productivity is diminished. 
As reported by L. Månsson and, R. Svensson [27]  the ratio of luminance between task 
area and the surroundings should not transcend 3:1,  between  task area and exterior  
surrounding  it should not rise above 5:1 and the task area and the peripheral surround-
ing area should not rise above 10:1. Reflectivity of surfaces influences luminance distri-
bution in the space. This characteristic will be analyzed later in this chapter. 
Illuminance is defined as the amount of luminous flux per unit area. The way that light 
is distributed on a surface and the indoor environment determines visual comfort. Light 
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distribution should be uniform in the entire space. Also, there is a correlation between 
task area values and the surrounding. Acceptable values of Illuminance are determined 
by European Standard and represented in the following table.  
Table 3: Relationship of illuminance between task area and surroundings    
Illuminance on task area 
E task (lx) 
Illuminance on immediate 
surrounding area (lx) 
≥750 500 
500 300 
300 200 
200 150 
150 E task 
100 E task 
≤50 E task 
 
Glare: The phenomenon when brighter light comes in a space and the human eye can-
not adapt to the new conditions. Glare is usually a problem in areas with glossy or glass 
surfaces due to undesirable reflection. Hence, problems of visual discomfort and fatigue 
are created which consequently influence productivity levels. 
Directionality: Usually light enters in a working space from one source. Window open-
ings should be placed at an adequate height, above eye level in order to provide a pleas-
ant environment.  In the current literature it is supported that light should enter space 
diagonally from above, in the same direction as sun rays in exterior environment. Light 
should have a specific direction in order to avoid reflected rays that drop on eyes while 
sited (0.9m) and harsh shadows over task areas. [28] 
Color:  Two parameters can be formed regarding the way that color influences visual 
comfort. The first is the color of the light source and the second is the color of objects 
and other elements of space. All objects do not have the same quality of color.  
They differ in the quantity of light they reflect.  
In warm climates the use of cooler color is more suitable, whereas in a colder climatic 
zone the use of warmer shades is preferred. Each choice made in the designing process 
affects not only the aesthetics but also the psychology of the user. Elements that are 
measured regarding color are color temperature (CCT) and color rendering index (CRI).  
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Flicker is defined as the disturbance produced by repeated fluctuation of light emitted 
by a specific light source. This rapid change of brightness usually, provokes headaches, 
seizure and low working performance. 
Visual contact with exterior environment: It is a proven fact that contact with exter-
nal environment is a parameter that increases working performance in offices. Existing 
shading devices should not prevent this necessary visual contact with sky, ground and 
built environment. Based on literature review, it is estimated that the needed width of 
view can be calculated by the following formula: 
αview, space = 2 × arc tan( glazing width / depth of space) 
Expectable width of view is considered a distance larger than twenty meters and a width 
larger than twenty eight degrees. This distance can also characterized by a level of qual-
ity, which can be defined as the degree that the building user can identify time of the 
day, weather, location etc. [28] 
5.2 NATURAL LIGHTING OPTIONS 
It is vital to fully exploit sun rays during working hours in order to succeed in reducing   
excessive energy consumption in commercial buildings, due to artificial lighting. 
Hence, dimensions of openings and geometric characteristics of space, type of glazing, 
materials reflectivity etc. should be considered during the lighting retrofit process.  
Generally a rule of thumb in order to provide sufficient natural lighting in spaces with-
out any diametrically located windows is that the depth of the space should be twice the 
height of the window. 
Tsikaloudaki [29] in her study examines the main parameters that influence lighting and 
the correlation between opening characteristics with light penetration and solar gains in 
spaces. Firstly, the most important result is that a growth of ten percent of window’s 
dimension is substantial enough in order to increase lighting level of the room by one 
per cent. However, in the case of spaces with same surface area and different geomet-
rical characteristics variations are provoked due to the large height of spaces.  
The location of the window along the external wall does not influence lighting levels 
but the distribution of light in the room. Symmetrical position of openings on the fa-
cades (vertical axe) can especially lead to better results. Duboisa et al. [30] in their work 
present an example of the School of Architecture building, of Lund University in Swe-
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den where the relocation of opening to the higher part of the room next to the ceiling 
maximized illumination levels in the space. 
Distribution of natural lighting is also influenced by the geometry of space, but it is not 
affected by the characteristics of the building envelope. In rooms with square layout dis-
tribution it is made uniformly compared to linear ones. Openings at the higher part of 
the room help uniform distribution of light in the room. Obstacles of the exterior built 
environment have the same influence in lighting as the reflectivity of external surfaces.  
Reflectance of surfaces is a crucial parameter of uniform light distribution. It depends 
on color and texture of the material. Bright and sleek materials have high reflectivity. 
According to measurements made, a ceiling’s reflectivity is a more important factor 
compared to the floor or walls (0,7-0,9). The second parameter are walls (0,5-0,8) due 
to the fact that total area is larger compared to floor or ceiling. Thus, floor is of minor 
importance (0,2-0,4) compared to other two parameters. Actually only the zone in front 
of the windows influences the total result as light entering through the window is re-
flected to the front zone and then to the walls. Once reflected on the wall it then pene-
trates the back part of the area and the higher the reflectivity of that area, the greater the 
lighting levels at the back of the office. 
 Even small changes to the color of surfaces can contribute to higher reflectance. For 
example, in WSP office building refurbishment , in Stockholm daylight factor increased 
about two percent when a dark red wall  with twenty four per cent reflectance, was re-
painted white (ninety one  per cent reflectance). [30] 
Apart from the aforementioned factors, type of glazing is also a tool with which solar 
gains can be controlled. Permeability of glazing depends on the type of the window, 
thickness of gap and the filling material. Thermal characteristics of glazing influence to 
a great extent net energy balance of spaces; Tsikaloudaki [31], also claims that single 
glazing is optimal for lighting penetration at the core of the room, but solar gains in 
these cases are too high. Utilization of high transparency glazing diminishes the need 
for artificial lighting. When natural lighting is not adequate, it can be enhanced by sys-
tems that are integrated on the building envelope or on parts of it like windows. These 
systems should be applied as part of whole design process and their utilization should 
be in balance with the remaining of the characteristics of the building envelope from 
functional and aesthetical point of view. Systems of light enhancement are used pref-
erably in new buildings compared to existing ones. For example, light tubes require a 
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part of the concrete slab to be removed in each floor, which is difficult to be done and 
involves safety issues for the stability of the construction. In case of the use of Anidolic 
Ceilings the height of the space is diminished to a great extent. Taking into considera-
tion that existing office buildings’ floors are three meters height, a placement of an ad-
ditional duct will reduce the total height. Louvres and Blind are systems which are more 
preferable due to the fact that they can be integrated at the external part of the window 
frame. Also, in Mediterranean countries with sunny days, these provisions can be used 
that exploit direct illumination and at the same time provide sun shading. Generally, in 
cases of renovations the proposals should be realistic and should involve cost issue. 
Cost of maintenance is also a factor that affects choice of lighting system.  Additional 
systems should be in balance with existing opening in order to avoid excessive lighting 
of space and should also be easily used by the building’s occupants.  
5.3 ARTIFICIAL LIGHTING 
It is estimated that 1.3 billion people worldwide (eighteen per cent of the total popula-
tion) still do not have access to electricity. [32] Due to the fact that global population is 
rising, the demand for electricity will increase in the following years when this part of 
the population will have access to electricity as well. 
Lighting is an important factor of energy consumption in buildings, due to inefficient 
applied lighting technology. Electricity for lighting is 1/5 of the global electricity con-
sumption. It is expected that demand will rise in the following years which in turn will 
lead to a rise in greenhouse gas emissions. It is urgent to implement solid-state lighting 
technologies, and daylight harvesting technologies. Moreover, lighting is about 25-35 % 
of total energy consumption in the building sector. 
Lighting retrofit as a part of an office building transformation is considered a method 
that combines cost efficient solutions along with the improvement of the lighting envi-
ronment. Good lighting environment is defined as a space where it is easy to perform a 
specific task while the occupants can easily identify the space they work in. 
In order to start a lighting retrofit it is vital to analyze the special needs of each space. 
Firstly, spaces should be divided into categories depending on the frequency of use, 
type of usage, and occupancy schedule should be constituted for each category. Each 
space should also be divided into zones depending on the levels of illuminance. Zoning   
provides greater precision in the control of light. All the above facts should represent an 
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average or standard conditions and after evaluating the lighting quality of space possible 
changes in lighting design can be proposed. 
Generally, the possible adjustments that can be implemented during lighting retrofit is 
luminaire replacement, use of electronic ballast, change of color temperature of light 
source, advanced lighting controls systems,  local automation, rearrangement of posi-
tioning of the lighting sources and regular maintenance. 
Fluorescent lamps consist of a glass tube sealed with a white-line and filled with an 
inert gas with a small amount of mercury. The most common types are tubular and 
compact. Efficiency of fluorescent lamps exceeds that of incandescent lamps by five to 
eight times, depending on the lighting system.  Furthermore, they require a higher initial 
cost, but have ten to fifteen times longer lifespan compared to conventional a ones. 
They are suitable for offices and commercial spaces. It should be mentioned that there is 
large variation of efficiency values in this category. For example, T5 lamps (70-105 
lm/W) have better performance than the old T8 / T16. Therefore, replacement of old 
fluorescent lamps with those of new technology (LED etc.) in most cases, is a substan-
tial energy saving technique. However, replacement is not recommended to the existing 
luminaires due to the fact that the replacement affect light distribution and usually light-
ing levels are lower.  
Ballast (electronic or magnetic) is a connector between power supply and one or more 
fluorescent lamps. It serves mainly to limit the current to the required value, transform-
ing the voltage and providing the necessary conditions for igniting the lamps. During 
lamp operation the ballast consume energy.  
Electronic Ballast has relative low losses and can contribute to a reduction of twenty 
five per cent of energy consumption. In cases where fluorescent lamps are not replaced, 
the use of electronic ballast is proposed, because it enhances the lamp to produce about 
ten to twenty per cent more light. Previous studies indicate that in cases that existing T8 
operate with magnetic ballast, should be replaced, whereas if they operate with electron-
ic (T8 with electronic ballast 60-100lm/W) the need to replace them should be investi-
gated. Electronic ballast increases the lifetime of fluorescent lamps by up to 50%, hence 
the cost of maintenance and replacement is reduced. Also, up four lamps can be con-
nected to electronic ballast while magnetic operate with only two. A fluorescent lamp 
with a magnetic ballast 'flickers' 100 times per second, whereas a lamp with an electron-
ic ballast flickers more than 40,000 times per second, so the phenomenon is not per-
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ceived by the human eye. Other advantages of electronic ballasts is that they are com-
patible with BMS, can be connected to lighting sensors, and provide the ability of dim-
ming. 
Except for electrical ballasts other control strategies that can be applied are dimmers, 
occupancy sensors, timers, current transformers etc. Alison et al. [33] indicate that indi-
vidual control strategies can save up to 1/4 to 1/3 of energy that is used for lighting and 
the combination of different strategies can increase this percentage up to 40% savings 
on average. The goal of all these means is the control of usage of lights, by switching 
them off when required or by detecting motion and open the system. The method of oc-
cupant detection is helpful in cases where occupants forgot to turn off switches and 
lights are usually left on during night hours. Usually these sensors are placed on the 
ceilings and on working surfaces according to the instructions of the manufacturer. 
They should be installed at a height of three meters and the monitor area has a radius of 
three and a half meters length [34]. The selection of automatic systems should be done 
very precisely because in some cases the results are not the desired ones concerning the 
reduction of energy consumption. Several publications have appeared in recent years 
documenting that automation control systems are insufficiently integrated in the build-
ing. Their complexity perhaps is the prime factor that contributes to this problem. 
Hence, annoyance is provoked to the users and the desired outcome concerning energy 
saving is not created. Proper installation, commissioning and operation are important 
factors that contribute to the proper use of such systems. Duboisa et al. [30] argue that 
in the aforementioned renovation of WSP office building the control system was prob-
lematic due to the fact that sensors field of view was too wide. Hence, when an employ-
ee was passing too close to the desk the lights over office switched on automatically and 
employees were annoyed. In this case task lights do not exist but each workspace has a 
mounted pendant luminaire on the top of it. Also, the delay of the off function was fif-
teen minutes, so lights remained switched on too long without any need. Lastly, proper 
maintenance is significant due to the fact that the energy performance of the installation 
is reduced by 40% in cases of poor maintenance and 25% with regular maintenance.  
[35]  
Dimmers contribute to an energy saving of about fifty per cent, while task lighting en-
ergy savings can reach about sixty per cent. In cases where major changes do not take 
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place on the building and illuminance levels are below 300 lx, the use of task lighting, 
as part of the retrofit, is proposed in order to bridge the gap. [30]  
5.3.1 LIGHTING TECHNIQUES  
Direct lighting is usually applied in offices with heights lower than 2.30 meters. In this 
case a higher percentage of light is emitted to the floor and work surfaces, while ceiling 
and upper part of the wall are dark. Hence, materials used should be of high reflectance. 
The phenomenon becomes more intense in cases of pendant or exposed canister lumi-
naires. 
Indirect lighting is implemented in spaces with tall ceilings, by using pendant, floor 
and suspended light fixtures. Light source is positioned at a distance from the ceiling in 
order to provide uniform light distribution in space. Reflectance values of ceiling and 
upper part of the walls must be high in order to ensure proper light distribution. 
Direct and indirect lighting technique is a method while lighting is emitted in all di-
rections by different lighting fixtures. All surfaces should be of high reflectance. Cost in 
such cases is greater compared to the other methods. 
Indirect general and direct task lighting  is considered the most efficient method. 
Luminance levels are low in the entire space  while in work spaces lighting levels 
increase by task lighting, which are  controlled by the occupants when needed.In several 
publications it appears that the reduction of electricity consumption and visual comfort 
of the occupants is a result of dimmable general lighting and task lighting combination. 
Lei Xu and Yiqun Pan indicate that the best case scenario is a general lighting of 150 lx 
and the rest will be covered by task lighting [36].  Table 4 illustrates the most frequently 
used lighting techniques in correlation with luminaire type. 
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Table 4: Lighting techniques in office spaces. 
 
5.3.2 LIGHTING IN SPACES WITH COMPUTERS 
Productivity of workers that use computers may be significantly affected by contrast, 
brightness, glare in large working areas and / or by reflections on the computer screens. 
Contrast between light and dark spots of a room along with reflections on screen, influ-
ence the grade of assimilation and comprehension of information by workers, as a result 
errors are made and more time is needed in order to complete a task. Besides the impact 
on the productivity, reflections on screens influence the stance of the worker, which can 
cause pain to the neck or the back. 
All these aforementioned problems can be balanced through proper design. Initially, 
positioning of office furniture should be carried out in relation to the openings and ex-
isting or new luminaires. Natural light should follow the direction from left to right. At 
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the same time, luminaires should be positioned in order to avoid differences in lighting 
levels or shading parts of the office furniture.   
The problem of reflections on the computer screen is associated with total surface area, 
and not only the area around the worker. Large ceiling surface behind the computer op-
erator increases possibilities of problematic reflections, while in smaller offices, these 
possibilities are diminished. However, if the lights are in spots that cause reflection on 
the screen, it is preferable to enlargen the distance between them and the machinery. 
5.4 USER EXPERIENCE  
Lighting is a useful tool for designers in order to actuate understanding of space and al-
so provoke spatial experiences. One of the most well-known examples are churches, 
where light has a strategic role entering  from small openings at the upper part of the 
dome and in correlation with the dark parts of the church provokes emotions of rever-
ence. Lighting of a space has a considerable influence on the user’s visual comfort. So, 
in workspaces light can either provoke fatigue or increase levels of comfort of the 
workers. 
It is interesting to analyze the way the that user reacts to lighting systems and also to 
what extent controlling these systems influence not only comfort levels but also energy 
consumption. The focus of recent research has been on how total control of task lighting 
by the user effects visual comfort. Of course results are not totally accurate due to the 
fact that visual comfort is a complex result of many parameters. 
Duboisa et al claim that when an occupant lives in a spaces with low luminance levels 
or bad lighting they tend not to use shading devices or forget to adjust them in order to 
increase sun gains, because they are used to working with inadequate  lighting and pre-
fer to use artificial lighting. The same phenomenon is observed after the retrofit process. 
As a result, it is obvious that former spatial experiences prevent inhabitants FROM 
adopting new behavior patterns. As regards the type of lighting, users tend to find more 
pleasant color temperature of 4100K and also claim that visual comfort is independent 
of the type of the lamp (T5 lamps or Led lamps). [37]    
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6 Case study 
6.1 Current situation 
The elected building is located in Thessaloniki. The climate is Mediterranean with many 
sunny days, temperature varies between -8°C and 0.8°C in January and 25°C to 40°C in Ju-
ly. Pindos Mountain stops wet and very rainy winds of June and as a result the city records 
only 426,3mm of rain annually. During winter, rain is regular and can be alternated with 
snow. Another factor that has great impact on the climate of the city and the weather condi-
tions is humidity (53.2% on July-78% on December). When humidity levels are high during 
summer or winter, sensation of heat or cold is much more intense. [38]    
 The selected building is located on a very built-up mail road of Thessaloniki, Monasthriou 
St., in the city center, in the core of the dense urban fabric. This selection has been made on 
purpose, not only because it is a typical case of office building, but also, because  the posi-
tion on a narrow, noisy and polluted street forces the proposed measures to be conformed 
with this typical Greek urban environment. The goal is to protect indoor spaces from harm-
ful elements of urban environment (pollution, smog etc.) and to provide thermal comfort, 
cross ventilation –if possible- and visual comfort to the occupants.  
This building is typical of its construction period (1974). Firstly, it can be noted that the 
concrete structural net is visible and can be characterized as the ‘strongest’ element of the 
façade (Image20). The second element is the module; every office has the same façade-
module. Each one module is formed by windows at the top and a glass panel at the bottom. 
As the years go by, the panels are worn out. Both facades that are on the roads are identical 
and flat. Only at the upper levels of the façade on Odysseos St. - quite narrow- balconies ex-
ist, derivatives of former Greek Legislation (Image21),.The other facades at the back of the 
building, that face the unbuilt space of land, are more compact, with windows (Image24& 
25), The other two surfaces are attached on both sides to other buildings of the same or low-
er height. 
Each one of the 7 floors has almost an identical layout. In the core of the layout is a corridor 
to which the offices and public WC is attached   (Image29). Air supply and lighting of the 
corridor is poor and is achieved only from the windows placed on the staircase (Image26). 
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Usually, lighting is provided for the whole day artificially in the corridor by ceiling lumi-
naires; another element that contributes to the increased energy consumption. 
Most of the offices are problematic because they are in long depth, nine point twenty five 
meters (9,25m) and short width tree point thirty five meters (3,35m). Hence, lighting is re-
duced to the back of the space, close to the entrance door of the room. Also, in the area close 
to the window the phenomenon of glaring and overheating appears. Natural ventilation is 
poor as air flows from the window of each office to the door and exit to the corridor and 
flow out from the window of the stairs. So, most of the office doors are opened and thus the 
noise then provoke a nuisance. 
A large un built space (9,5m x5,73 m)  on the ground floor is used as a storage at the back of 
the construction (Image25),  and balconies on the upper floors have no use. 
Most of the offices have no occupants, as out of the seventy seven offices only thirty are 
used. Generally, the building as a whole has a neglected image.  Only the elevator has been 
replaced in the last five years.  Initially, central heating system with a boiler was installed, 
but due to the fact that most of the offices are abandoned, users have installed air condition-
ing units in order to cover both heating and cooling needs. External units, which have been 
placed on the old window boxes, can be seen at the front façade on Monastiriou St. No 
changes have been made to the building envelope since the initial construction. 
After analyzing the building and calculating annual electricity consumption an effort was 
made to collect all the harmful factors that provoke high energy consumption levels and in 
the following chapters to associate them with typical design options. 
Initial conditions can be summarized in the following table: 
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 Table 5: Initial Conditions 
ORIGINAL BUILDING TYPE Office building 
ORIGINAL CONSTRUCTION DATE 1973 
LOCATION 
Thessaloniki/ urban area of high 
density 
CLIMATE  Mild Mediterranean climate 
AREA( HEATED/NON-HEATED)M2 356,10m2/72m2 
FLOOR NUMBER 7+ ground floor + basement 
ENVELOPE INSULATION insufficient envelope insulation 
WINDOWS 
Single glazing with metal 
frames/ low airtightness 
SHADING SYSTEMS - 
HEATING SYSTEMS Air conditioning units 
HEATING PERIOD 5,5 months /10 hours per day 
COOLING SYSTEM Air-conditioning unit 
COOLING PERIOD 4,5 months/10 hours per day 
ANNUAL ELECTRICITY  
CONSUMPTION 
About 2000KWh/per annum/ 
Per office (E=35m2) 
 on the south façade   
(from electric bills) 
LIGHTING IN OFFICES Incandescent lamps 
LIGHTING IN PUBLIC SPACES Ceiling mounted light 
ELEVATORS Replaced in last 5 years 
IT USAGE High usage of IT equipment 
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6.2 Building Envelope Design 
6.2.1 Insulation strategies 
In the case study, due to the fact that the solution of DSF is recommended placement of ex-
ternal insulation is proposed the only on the north façade of the building along with the re-
placement of new windows. 
Roof is a vital part of the construction. This is the reason why it is called fifth façade. This 
part of the building is affected by high or low temperature and is an important barrier be-
tween the internal and the external environment. There are different technical solutions for 
each roof depending on the climate, age of construction, location and the position of the 
building in the urban fabric. 
Apart from the temperature variations another important issue is how the water can be kept 
outside of the building.  Older constructions, like the examined one, have a flat roof with a 
slope of 0.5%. The slope may be adequate but external factors provoke problems to the re-
moval of water by drainage. Aging and the interruption by additional patches, mechanical 
and electrical machinery on the roof top are major causes. Thermal insulation on roofs of 
buildings, during the1970s, was done in two ways. The first was by adding perlite or ex-
panded polystyrene (about three centimeters thickness). Usually, after thirty years this layer 
of insulation is destroyed by water penetration. The second technique was the placement of 
smashed bricks (about ten centimeters thick) over the slab and an extra layer of concrete on 
top. In renovation, the best option is to dismantle the old layers of insulation and place new 
ones. However, in most of the cases for cost and time reasons, adding new thermal insula-
tion can increase the roof slope and a better drainage can prevent water entering the build-
ing. 
Pre-fabricated inclined stone wool panels are mostly used and on top of them an asphalt lay-
er or membrane is placed which protects it from the penetration of water in the construction. 
This method is more preferable as compared to others because in case of a problem the 
change of new insulation can easily be carried out. In addition, it is a solution which does 
not add loads to the construction. Usually, extruded polystyrene is not used because it is eas-
ily destroyed by water and also might be destroyed during construction by the flamethrowers 
used to install the asphalt layer. 
In the described case the use of vegetation on the roof is avoided, due to the fact that is quite 
old. Adding layers of gravel, soil, etc. may provoke safety issues in a building that was con-
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structed during the1970s. Furthermore, the cost of maintenance and the way that it shall be 
maintained is not a viable investment. In an office building there is no reason to use the roof 
top as a public space. On the contrary, unbuilt areas at the back of the land can be rede-
signed in order to serve this purpose. 
Table 6: Current Situation-Roof  
Material Width  Thermal Conductivity  Thermal Resistance 
  d  (m) λ (W/mK) Ri (m²K/W) 
Outdoor Air     0,04 
(1) Asphalt Roofing 0,004 0,23 0,017 
(2)Concrete 0,080 1,50 0,053 
(3) Broken pieces of bricks 0,150 0,41 0,366 
(4) Concrete Slab 0,150 2,50 0,060 
(5) Plaster  0,025 0,87 0,029 
Internal Air     0,100 
U (W/m²K) =    1,503  ≥0,4* 
(not scaled) 
*UR external surface in contact with external air (roof) (source :KENAK) 
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Table 7:Proposed Changes-Roof 
Material Width Thermal Conductivity  Thermal Resistance 
  d  (m) λ (W/mK) Ri (m²K/W) 
Outdoor Air     0,04 
(6) Vapor Barrier 
0,002 0,720 0,003 
(7) Rockwool 0,100 0,039 2,564 
(8) Geotextile 0,002 1,400 0,001 
(1) Asphalt Layer  0,004 0,230 0,017 
(2) Concrete 0,080 1,500 0,053 
(3) Broken pieces of bricks 0,150 0,410 0,366 
(4) Concrete Slab 0,150 2,500 0,060 
(5) Plaster 0,025 0,87 0,029 
Internal Air     0,100 
U (W/m²K) =    0,309  ≤0,4* 
   (not scaled) 
*UR external surface in contact with external air (roof) (source :KENAK) 
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Pilotis  (Image22),  is a very important part of the building envelope, due to the large sur-
face of it (21m x4,5m=94,5m2).Thermal losses in this uninsulated part of the envelope are 
extremely high. As part of this thesis an effort was made to investigate the current situation 
in comparison with thermal capacity of the building element after adding eight centimeters 
of Rockwool insulation. Maximum acceptable U-values (W/m2k) were retrieved from 
T.O.T.E.E. 20701 - 2/2010 for Zone C (Thessaloniki) [39]& [40]. 
Table 8: Current Situation-Pilotis 
Material Width  
Thermal 
Conductivity  Thermal Resistance 
   d (m) λ (W/mK) Ri (m²K/W) 
 Outdoor Air     0,040 
(1) Plaster 0,025 0,870 0,029 
(2) Concrete Slab 0,150 2,500 0,060 
(3) Concrete 0,060 1,500 0,040 
(4) Mosaic 0,040 1,780 0,022 
Internal Air     0,170 
U (W/m²K) =    2,768  ≥0,4* 
(not scaled) 
*UFA floor in contact with external air (pilotis) (source :KENAK)    
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Table 9:   Proposed Changes-Pilotis 
Material Width 
Thermal 
Conductivity  Thermal Resistance 
  d  (m) Λ (W/mK) Ri (m²K/W) 
Outdoor Air     0,040 
 (5) Acrylic Coating 0,004 0,720 0,006 
(6) Rockwool 0,080 0,036 2,222 
(1) Plaster 0,025 0,870 0,029 
(2)Concrete Slab 0,150 2,500 0,060 
(3) Concrete 0,060 1,500 0,040 
(4) Mosaic 0,040 1,780 0,022 
(7)  Glue 0,010 0,720 0,014 
(8) Ceramic Tiles 0,015 1,050 0,014 
Internal Air     0,170 
U (W/m²K) =    0,382  ≤0,4 
(not scaled) 
*UFA floor in contact with external air (pilotis) (source :KENAK) 
 
External walls in constructions of 1970’s consist of twenty centimeters masonry and two 
layers of plaster from each side of the wall. As part of this case study is proposed the change 
of the façade at the back of the building. This façade compared to the others is compact with 
small openings. This façade is oriented to the north and the insulation is proposed in order to 
protect this part of the building from wind.Along with the replacement of the windows this 
measure can act as barrier to the cold and protect internal environment from cold. In the fol-
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lowing Table are presented a rough estimation of the results after adding external insulation 
of eight centimeters. 
 
 
Table 10:  Current Situation-Mansorny 
Material Width  
Thermal 
Conductivity  Thermal Resistance 
  d  (m) λ (W/Mk) Ri (m²K/W) 
 Outdoor Air     0,040 
(1) Plaster 0,025 0,870 0,029 
(2) Mansory 0,200 0,640 0,313 
(3) Plaster 0,025 0,870 0,029 
Internal Air     0,130 
U (W/m²K) =    1,852  ≥0,45* 
(not scaled) 
*UT external wall in contact with external air (source :KENAK) 
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Table 11:  Proposed Changes-Masonry 
Material Width 
Thermal 
Conductivity  Thermal Resistance 
  d (m) λ (W/mK) Ri (M²K/W) 
Outdoor Air     0,040 
 (6) Acrylic Coating 0,004 0,720 0,006 
(5) Rock Wool 0,080 0,036 2,222 
(4)  Glue 
(blend of cement, fillers, poly-
mer, and additives) 0,010 0,720  0,014 
(1) Plaster 0,025 0,870 0,029 
(2) Mansonry 0,200 0,640 0,313 
(3) Platser 0,025 0,870 0,029 
Internal Air     0,130 
U (W/m²K) =    0,360  ≤0,45* 
(not scaled) 
*UT external wall in contact with external air(source :KENAK) 
 
Another important element of the building envelope are the window frames. Existing, 
frames are made of metal (20% of the surface of opening) and single glazing, without ther-
mal barrier (U=6,00W/m2K).If they are replaced by new ones with aluminum frame (20% 
total opening surface) ,with thermal break (24mm), double glazing ,Low-E and distance be-
tween the glazing 12mm U=2,3W/m2K 
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6.2.2 DSF-Double Window with Divided Airspace 
According to choices made, depending on the type of the DSF two possible scenarios of fa-
çades where produced. The first scenario is based on the idea that major changes are not 
done to the structural elements and the second is based on the opposite scenario, with the 
total change of the building’s front façade. 
 In the first scenario, design is based on the fact that ventilation is separate for each office, 
and each office is a unique element of the building core. Hence, an effort was made for this 
idea to be attributed on the façade of the building. The construction net is an essential part of 
the façade .The structure is open and the three layers of the building can be noticed. The first 
is the existing external outline, the second is   formed by the construction elements, and the 
third the inner, added with the new study is constituted by windows and vertical or horizon-
tal wooden cladding that forms a lighter element of the facade and balances the rigidity of 
the rest of its elements. This diversification is made by the decline of walls and as a result 
shadings are created that contribute to the optical recognition of the three aforementioned 
elements. 
In this option the building can be naturally ventilated and can be used as a passive system. It 
is a hybrid system because natural and mechanical ventilation is combined. Night cooling as 
a method can be applied on the building. Theoretically, air enters from the lower opening of 
the window, flows through the office, out the higher part of the internal glass partition, 
through the corridor and out of the stairwell. The stairwell is used as a shaft, as air moves 
upwards. The system is automatically activated at certain hours during day. 
This idea is commonly used and is based on the phenomenon that air masses in a space have 
different temperatures, density and pressure and as a result air movement is provoked from 
cooler to hotter areas of the space. It is created when interior temperature is higher than the 
exterior temperature and heat is expelled from the building mass. An exception exists when 
in a space hotter air is close to the ceiling and cooler air nearer to floor. Hence, flow of fresh 
air should inverse this phenomenon. Air velocity varies due to the orientation of the build-
ing, temperature difference, and dense layout of the urban fabric and other obstacles (other 
buildings, vegetation etc.) that might exist. A way to subevent this phenomenon is to create 
the chimney effect by adding openings at the lower and the highest part of the building. In 
our case, as it is above mentioned the stair case can be used as a chimney for the outflow. 
An extra height is added in order to succeed in this direction.  
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This system of DSF can also be used in order to block the wind, noise and allow fresh air to 
enter the building shell, because the cavity is an intermediate space that filters all the exteri-
or parameters that influence the comfort of building users.  
As a result there is some reduction in energy consumption due to the fact that the need for 
cooling loads is diminished because during the night the inner layer of the façade is open 
and the building is cooled(Figure 3). Divided airspace is also the best solution for fire pro-
tection, heat and sound transmission between the offices. Furthermore, the change of the 
concrete structure is avoided. In this scenario case, existing window boxes are not kept, and 
are replaced by horizontal louvres, in order to provide shading of the building and reduce the 
temperature of the gap. 
 
Figure 3: Type of ventilation-divided air space 
 
The façade is ventilated with outdoor air, the materials used are firstly an insulating pane (= 
thermal break) which is usually placed on the interior side and secondly a single glazing on 
the exterior side. 
The ventilation of the cavity may be totally natural, fan supported (hybrid) or totally me-
chanical. In the first case scenario the ventilation of the cavity is natural. The width of the 
cavity can vary as a function of the applied concept between 10 cm to more than 2 m. The 
designed cavity is about 600mm. The width influences the physical properties of the façade 
and also the way that the façade is maintained .It is essential the depth of the gap is adequate 
in order the person who cleans the windows to have free access.  
The shading device is placed inside the cavity for protective reasons. Often a venetian blind 
is used; the characteristics and position of the blind influence the physical behavior of the 
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cavity because the blind absorbs and reflects radiation energy. Thus, the selection of the 
shading device should be made after considering the proper combination between the pane 
type, the cavity geometry and the ventilation strategy and has a high impact on the daylight 
situation within the rooms behind. In our case an effort was made to use wooden partitions -
horizontal or vertical scantling- in order to protect and hide the external air conditioning 
unit. Partitions have the ability to hide the units from the primary façade of the construction.  
This proposal also contains shading system consisting by three wooden vertical partitions 
which are trailed one in front of the other. The occupants have the ability, during sunny days 
to drag vertical partitions and close the whole facade of each module-office depending on 
their needs. Visual contact with the exterior is not prevented by the blind. Moreover, cross 
ventilation is not prevented because during the night when the above mentioned windows 
are opened the partitions should be placed one in front of the other in order not to impede 
night cross ventilation.  
 There three modules are designed (Figure 5) in such a way that seem the façade compound. 
Each one indicates a different plan office, an element that defines the form of the façade. 
 
 
 
Figure 4:3d illustration of façade-case 1 
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                        Figure 5: Drawings of offices-case 1 (not scaled) 
6.2.3 DSF- Multistorey Corridor Façade with Unified Air Space  
The second idea is based on a total change of the building’s layout and is supported only by 
mechanical ventilation. 
 Firstly, layout plans change and seven offices are formed per typical floor. Also, a staircase 
is added in each floor at the front of the building. This space is unified and used as a transi-
tional area, as a corridor. This corridor may not have the geometrical characteristics, but can 
be transformed into an atria or a balcony, allowing people to occupy this "environmentally 
variable space". It is a space where occupants move, communicate and interact with each 
other whilst going to their offices. Also, this space is a prime factor for the organization of 
the front view of the building. Window boxes are used in this case in order to filter and 
moisten the air as well as to act as shading devices for the outer layer of the building. 
DSF is designed with a unified air space. The cavity in these systems is totally integrated in 
the building. Air moves diagonally, enters at the bottom opening and exits via the upper 
opening of the building envelope. Movement of air between floors is made through the ver-
tical openings in slabs where the stairs exist. 
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                        Figure 6: Type of mechanical ventilation 
 There is a ventilation system that enhances the air movement from the multi-storey corridor 
to each office and to exhaust duct. Air conditioning of each room is performed by VRV sys-
tem or by using existing radiators. VRV system is an air conditioner that splits into many 
units. Each unit has the ability to provide different conditioning in each space. It is mainly 
used in commercial buildings. 
 
                        Figure 7: Proposed typical floor plan-case2 (not scaled) 
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                        Figure 8: Proposed typical office plan-case 2 (not scaled) 
This system is not applicable during the summer period because the cavity’s temperature is 
higher than acceptable temperature. Furthermore, in this case there is no automatic system 
that can control the opening and closing of the windows. 
Concerning this proposal air of the room flows into the office mechanically by the use of 
fans. In each office the ceiling has two heights 2,25m and 2,40m.Between them there is a 
gap of 70mm from which air is extracted from the space. Also each door is shorter 20mm 
.This gap can help the proper movement of fresh air. Generally, this scenario might not work 
due to the fact that are seven floors and the ventilation system might not work properly. 
In the Greek climate control of solar gains is essential during the hotter periods of the year. 
Therefore double skin facades may lead to overheating during the summer months if there is 
no appropriate façade design, ventilation technique building orientation and provision of 
shading. For this reason, climate of Greece encourages the use of natural ventilation in of-
fice buildings. 
6.2.4 Glazing type 
In office buildings is mainly used glazing with high visual reflectance, because high visual 
reflectance can contribute to higher solar control and as result is optimal for spaces that are 
used in during day. Solar control can also be achieved by glass of typical reflectance (5%-
15%) that have low-E coating. This type of coating have been evolved the last decades and 
is an acceptable material that can provide thermal insulation and control of solar heat gains. 
It should be mentioned that can also be applied on non-commercial buildings or those of res-
70 
 
idential use, in places with moderate or hot climatic conditions. Climatic conditions also is 
an important parameter for the possible solution that can be proposed. In north climates 
where sky is gray and cloudy, light should enhanced in order to penetrate at the buildings’ 
core and create a comfortable environment. On the other hand, in moderate or hot climates, 
it is vital to reduce glare along with solar gains. Hence, glazing should be of low transmit-
tance. 
In places with moderate climatic conditions, like in this case study, are usually proposed af-
fordable solutions of glazing. There are two types of solutions the first is with two coating 
and the other is of one coating which can provide both thermal and solar control. Changing 
the thickness of the coating layer, allows the passage of light but also rejects the invisible 
solar heat. In cases of two coatings, as can be seen in Image 31, part of solar energy is ab-
sorbed by the outer glass which emits infrared wave length. This wave length is rejected to 
the exterior environment by the low- E control coating which is normally transparent to 
short wave radiation .The same low –E coating rejects and reflects the long wave energy 
back to inside. [41]    
 
Image 31:Synergy with two coatings 
Glazing in contemporary architecture is utilized in office buildings not only as an element of 
the envelope but also as a part of the structure (structural glazing) for the formation of ex-
ternal facade. But in cases that materials do not have the aforementioned thermal character-
istics the result would not be within acceptable limits. Concerning hot or moderate climates, 
the most important goal is to provide adequate light distribution in the room, along with 
minimized passage of solar heat into the building in order to minimize cooling loads during 
summer. 
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7 Renewable Energy Systems 
In this chapter will be analyzed the types of Res, mainly PV and solar system that can be 
easily be applied on the building and how they cooperate with the rest elements of the con-
struction. The application can be done on facades –even on the 5th façade- and how this 
method effect visual comfort. In this part of the coursework can be provided information 
about the equipment needed in order to use this kind of techniques. Also can be provided 
information if the whole process as an investment can be viable.  
Enhancement of RES in built environment has the advantage of the direct clean energy con-
sumption close to the production space. Hence, problems of transmittance and distribution 
are diminished. 
Nevertheless the impressive progress in energy saving issues in building sector, energy pro-
duction from renewable energy is vital in order to transform the building into a sustainable 
one. Solar thermal and geothermal systems are commercially available, affordable, reliable 
and energy efficient. These two above mentioned systems are the appropriate investment in 
order to render modern constructions to high energy efficient. Generally, automation and 
control systems are complex enough because should include conventional heating systems 
along with solar thermal systems. 
The most essential element in such cases is that RES should be optimal in combination with 
the building envelope and the conventional HVAC system.  In this sense both solar systems 
(and geothermal heat pumps) and heating-cooling systems should be selected to work in rea-
sonable temperature ranges, while utilizing the thermal capacity of the building envelope. 
Hence, it is required a detailed understanding of the physical properties of the building and 
thermodynamic properties of the HVAC systems.  
PV technology was initially used for providing electricity to satellites, fifty years ago. Now-
adays, PV systems, despite the relatively high initial cost, are the most efficient way of pro-
ducing electricity at the same place of consumption. Most of the European countries give 
high motivation to their citizens in order to use   alternative mean of electricity production.  
Greenpeace for example claims that cost of Kwh produced by PV technology in the Europe-
an South is more competitive compared to these in the North. [42]    
Building integrated systems are more favorable to become a major part of the market. In the 
built environment where there is a lack of space, the building can be transformed into a 
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small electricity production units. However, the major disadvantage of PV is that there is a 
need of large surface in order to produce an important amount of energy, have a short pay-
back period. 
Photovoltaic panels as a designing tool can be used in double way. The first is the display of 
them, by integrating the panels in the building’s elements and the second and most common 
is mounted on the rooftop where they are not seen from road level. 
 PV panels integrated on an existing façade is an issue more complicated, due to safety is-
sues that arise. Additional loads of steel construction and panels may provoke safety prob-
lems in the stability of the structure. Also, PV panel as an element of the façade has to coop-
erate along with other systems in order to have proper function of the façade.  On the other 
hand, solar modules can be used as shading devices, by reducing the need for cooling load 
during the summer months. 
Appling panel on a roof is the most efficient solution because the placement is more easily 
compared to a façade and the area - fifth façade- is of no use. Roof top systems produce 
more energy compared to the façade integrated systems, because usually shading on roof is 
less compared to the shading on a façade. Other buildings or the complex form of the build-
ing itself, usually create shading problem on façade installations. Also, can be increase the 
efficiency by giving the right tilt to the panels. As a result, roof top installation are more fa-
vorable from economical point of view because the whole installation is much easier and the 
technology used more common. 
Helmke et al. argue that integration of PV technology can be divided into three types. In the 
first type are systems that are not designed especially for building integration. Panels are po-
sitioned at different parts of existing constructions, especially on roof tops. In this case the 
degree of integration is low and the aesthetical result is poor. 
The second type of products is those that replace regular building materials of the facade. 
There is a variety of integration types in the building and many of them give the ability of 
different range of lighting, and a wide range of transparency of the external layer. 
In the third type are the latest and more complex products of thin films that can be used on 
flexible polymeric substrates. With new techniques are produced flexible systems of low 
production costs, with infinite possibilities of application, especially for the building sector. 
[43]    
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Architectural criteria that define the successful integration of PV modules to the building 
envelope was initially considered during 1990’s. Until then the only criteria for the comple-
tion of a project was the efficiency of the system. Hence, the first steps was made to under-
stand that the role of the designer is important because the use of such systems is a parame-
ter considered from the first steps of the designing process and not something applied on the 
building later. As mentioned on the second chapter whole building design is a method intro-
duced, because must be considered that elements of the function, the form and energy policy 
must not be examined separately but as criteria that influence one another. Integration of 
RES is a parameter that influence not only the energy policy followed on a project but the 
designing process too .In cases of systems used on facades, the concept is much more com-
plicated not only from structural point of view but from economical. Possible failures and 
subsequent amendments in construction have an economic impact on the viability of the pro-
ject. 
Building envelope design is an interdisciplinary process. The successful integration of such 
systems depend on four criteria 1)architectural design, 2)mechanical integration, 3)electrical 
integration and 4) the ability to control their operation and maintain properly in order to de-
liver the maximum  efficiency throughout their lifetime. 
During the 1990’s International Energy Agency create a program in order to investigate the 
possibility of using PV systems in buildings. In this program, ’Task 7’, teams of designers 
tried to define the characteristics of a successful use of PV technology in buildings. The re-
sults were the following: [43]    
 The PV system has to be used in a building in a way to induce the aesthetical quality 
of the project and should not be an independent part of it.  
 Project should have a quality, which may be subjective but should be totally attached 
to the appropriate use of new technological systems. The results could be better as 
the years go by. Gaining experience will evolve project’s quality. 
 PV systems, like all construction materials, should be in balance with other parts of 
the façade. Hence, in many cases the photovoltaic products should have specific 
characteristics. Special techniques can achieve the desired transparency, shape, color 
and texture. 
 PV systems’ dimension and shape should be in balance with the other parts of the fa-
çade. 
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  Installation should be consistency with the central architecture concept, which de-
scribes how the solar system is consistent with the overall style of the building and 
with the synthetic idea. 
 The good construction, which besides the waterproofing and the durability of the 
system, involves the detailed design of construction details. 
 The innovative design, associated with the implementation of a new technologies. 
Important role have the new ideas that can enrich the result and bring better value to 
buildings. 
Before the designing process begins, is essential to be made a prefeasibility study in order to 
investigate any possibility of using PV technology. The different types of panel have differ-
ent results at a certain environment, depending on climate, sun rays and direction of the 
building In this thesis was made an effort to investigate if an installation on the roof of a of 
120 sqm on an office building is viable. It is made an effort by using System Advisor Mod-
el to make a prefeasibility study and quantify the results of a small scale  roof top installa-
tion. 
 
7.1 Climate Data 
Table 12: Climatic Data of Thessaloniki [44]    
 JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC ANNUAL 
Average 
Sunlight 
Hours/ 
Day 
03:46 05:16 05:27 07:34 08:56 10:18 11:50 11:07 08:26 05:52 03:58 03:32 07:11 
Average 
Daylight 
Hours & 
Minutes/ 
Day 
09:38 10:36 11:53 13:15 14:25 15:01 14:45 13:45 12:25 11:03 09:53 09:19 12:00 
Sunny 
& 
(Cloudy) 
Daylight 
Hours 
(%) 
40 
(60) 
51 
(49) 
47 
(53) 
58 
(42) 
63 
(37) 
69 
(31) 
81 
(19) 
82 
(18) 
69 
(31) 
54 
(46) 
41 
(59) 
39 
(61) 
60 (40) 
Sun  
altitude 
at solar 
noon on 
the 21st 
day (°) 
29.6 38.9 49.8 61.4 69.7 72.9 69.9 61.5 50.1 38.6 29.5 26.1 49.9 
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Monthly Averaged Insolation Incident On A Horizontal Surface (kWh/m2/day) 
JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC 
ANNU-
AL 
1.89 2.65 3.65 4.57 5.52 6.64 6.60 5.93 4.62 2.91 1.93 1.52 4.035 
 
Annual Horizontal irradiance, which includes direct and diffuse irradiance horizontal, is the sum 
of shortwave (blue light) radiation received from a horizontal surface. This value is important 
parameter for every photovoltaic installation and depends on the location. 
When solar radiation is summed over a year, resulting the annual solar energy, usually in kWh / 
m2.  This value differs significantly depending on location.  It is the monthly average amount of 
the total solar radiation incident on a horizontal surface at the surface of the earth for a given 
month, averaged for that month over the 22-year period (Jul 1983 - Jun 2005). Each monthly 
averaged value is evaluated as the numerical average of 3-hourly values for the given month. As 
seen in Table 6 Thessaloniki (Latitude 40.5, Longitude 22.5) has an average 4.035 kWh/m2/day. 
As can be seen in the same table the average sunshine hours in Thessaloniki range from 3:32 
daily in December to 11:50 to each day in July. It is sunny 59.9% of daylight hours and 40% 
of daylight hours are shaded or have low intensity. At midday the sun is on average 49.9° 
above the horizon at Thessaloniki. 
7.2 Energy Yield Assessment 
In this study was presented a simulation of monoocrystal PV technology, in order to investi-
gate the possibility of using this type of cell, based on the climate of Thessaloniki. Mono-Si 
is a type for PV cell that is not ideal, because has a relative low absorption coefficient of so-
lar radiation.  
Regardless the scenario, specific parameters were taken into consideration for the analysis pro-
cedure. 
 Each array's tilt angle is taken based on the rule of thumb that the tilt of the panel is the 
latitude of the location. 
 The panels are fixed and the facing the South, for the maximization of the power output. 
 Ground coverage ratio (GCR) influence self-shading. The closer are placed the panels 
the more the self-shading losses. But, after some test with the Multi-c-Si panel is obvi-
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ous that values 0,1( 0.01 -0.99) is small enough in order to avoid some losses from self-
shading and avoid large area installation. 
The first parameter was the area given, because this defines the expanse of the installation. 
Hence was first defined the capacity of the area and after the size of the installation. The 
whole installation should be composed by PV modules, combiner box, inverter, and DC/AC 
distribution panel. The following table summarizes the types of panels, inverter used as in-
put for the analysis carried out, by use of the System Advisor Model software. 
Table 13: PV System 
Module LG Electronics L300N1W-G3 Mono-c-Si 
Inverter ABB:PVI-10.1-I-OUTD-x-US-488-y-z 
System Design 15 Modules per string /5 Strings in parallel 
Total Module Area 119 m2 
 
 
7.3 Technology Layout in the Field– Construction 
The overall plan of the building is square and there is no reason to have subarrays. In order 
to measure the distance between the rows there is rule of thumb ,that each row will have dis-
tance of two or two and a half times the height of the panel. The building does not face the 
south. If the rows are placed parallel with the edges of the building the total output will be 
diminished. So, the rows are placed with an angle of 10 ⁰ with the edges. In any case should 
be considered the additional loads that the whole installation. The tilt of the module is equal 
to the latitude of the location. For the final installation of any PV system on a roof, the fol-
lowing parameters should be considered:  
• Loads of the new structure over the roof 
• Surge protection 
• Snow/rain loads 
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• Fire protection 
The structural loads that are applied on the structure is an important parameter for the instal-
lation. The method that the installation is attached on the building affects the loads and if 
they are hazardous in case of an earthquake for the building. The calculation of the loads 
have to be done separately and in combination as a worst case scenario. 
For mounting PV systems to a roof have been developed three types of structure:  
1. Ballast only 
The structure is weight down by a counterweight. Usually heavy concrete plates keep the 
structure in the same position. This type of mounting is not attached on the roof. 
2. Attached roof-bearing 
 In this case friction clips are used to attach the modules with the beams of the frames 
3. Structurally attached 
The modules are attached on the roof structure so as the load path is the same for both up-
ward and downward forces. This option is considered the most secure. It is presented in the 
following image and is proposed for our case study. 
 
Figure 9: Section on PV panel 
The installation have to follow some rules for security reasons. The placement of the panels 
influences the expansion of possible fire on the system.  
•Noncombustible insulation (e.g. mineral wool) should be put within roof expansion joints. 
•Panels should not contain foam plastic (expect foam polystyrene), because is combustible. 
•Should be placed noncombustible insulation or cover boards below the roof covering.  
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(gypsum cover boards, mineral wool) 
•When the installation covers the whole roof, should be provided alternative routes for the 
access in case of fire. 
•The cables should be protected from weather (using tubes etc.), UV light and any other 
damage. 
Furthermore, the corner of the building is subjected to air turbulence. The air flow put into 
risk the support of the frames on which are placed the modules. Generally, for reasons of 
security, the first row must have a distance of 1.5-2 m from each edge of a narrow side of 
the building or h/5 of its height. 
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8 Conclusions 
In the final chapter of this dissertation, remarks will be drawn concerning the retrofitting 
process. This thesis started with the question if total refurbishment of office buildings is 
needed or just small changes, along with their low cost, will contribute to a higher energy 
performance. For example, can just the change of window frames have an opposite outcome 
or should be always done along with upgrading the building envelope? 
In the previous parts of the thesis were analyzed the proposed buildings retrofits and possi-
ble changes of the elements of the building envelope were presented. From the research that 
has been carried out it is possible to conclude that: 
 Due to the fact that Zero Energy Building is defined in many different ways and also 
because of the variety of conditions that should be fulfilled, there is not any official 
acceptable definition. Hence, the designing process is influenced and the outcome is 
always under question. Nevertheless, it is a common ground that in large scale pro-
jects the effective outcome is a derivative of many parameters that should be cooper-
ate to each other. The combination of electromechanical parts of the building along 
with passive designing techniques can contribute to this direction. 
 Transparent surfaces of the building can be handled with tools like DSF. This tool is 
not only a way of making façade more appealing and giving quality to the space but 
also can contribute to a better energy results. Using VRV systems and creating a 
buffer zone on the main façade of the office building can be an effective heating 
technique. The buffer zone can be used as an ‘intermediate space’, as corridor and 
parts of it can be transformed, if needed, into balconies and create small yards at the 
upper parts of the construction(see Chapter 6). Also, DSF can be used for night cool-
ing during summer period. The importance of this technique is high because the 
temperature can be reduced up to three degrees in some cases. However, it is need-
less to say that it is under investigation if this technique is effective in buildings with 
many floors and if it is successful in temperate or hot climates. The only certain fact 
80 
 
is that it is obligatory to add shading devices at the external or internal layer of the 
façade in order to control solar heat gains. 
 Improvement of the building envelope can also be done by adding thermal insulation 
at the external part of the compact elements of the construction (masonry, roof and 
pilotis). Nowadays, new Construction methodologies like ventilated façade have 
been introduced which give the ability to the designer to use different kind of materi-
als and change at a great extent the form of the building; Typical External Thermal 
Insulation Composite Systems (ETICS) do not provide this kind of ability. The im-
portance of insulation to the reduction of the total energy consumption is relative 
high. Also there is a large variety of material that can be used for thermal insulation 
depending climate and conditions in which the building exist. Furthermore, it is an 
issue of high importance the replacement of window along with the usage of low- E 
coating. 
 Renewable Energy Sources in the urban fabric can contribute to a great extent to the 
reduction of GHG emissions. The installations are mainly done on rooftops due to 
large surface and nonexistence of obstacles that may induce shading. In some cases, 
the application can be done on façade but the cost of the installation may not be via-
ble due to the extremely high initial costs. The small width of streets in city centers 
may also induce undesirable shading. 
 The best outcome regarding energy performance can be achieved when the architec-
tural design allows daylight penetration into space. It is more likely to achieve high 
energy performance along with user satisfaction. Lighting can be a great factor in 
energy consumption for certain types of buildings, such as offices. Energy consump-
tion due to lighting can be limited by designing a lighting system which takes into 
account the function of the building and the needs of its users and the contribution of 
natural lighting. The evaluation of installed capacity can be an important factor for 
each floor’s needs. Also, automatic systems can be an additional saving-energy 
measure, but always it is important to take into account the usage of the building. 
The improvement of the image and the function of a structure can increase its value on the 
real estate market. Nevertheless, the prime goal of each retrofit is the comfort of its occu-
pants along with the reduction of energy consumption. Creating a low energy building may 
seem an investment with high initial cost but through this process, the lifespan of the build-
ing can be extended and costs of operation can be reduced. 
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Retrofitting as a process is complicated. Many variables influence the changes that should 
be implemented on the envelope or on the other elements of the structure. Climatic condi-
tions, location in the urban fabric, orientation, function, year of construction, and initial us-
age are factors that influence the final design decisions. Most likely, office buildings in 
Greece are usually outcomes of transformation of older buildings that had residential use. 
This factor provokes problems mainly in the way that spaces are heated. To give an illustra-
tion of this problem, radiators usually exist in old constructions, which are more likely used 
in spaces with continuous use. On the contrary in office buildings the intermittent use of 
space demand a different way of heating, with heat pumps. All these provoke problems that 
should be solved through proper changes. 
Categorizing existing buildings may be a way of finding common solution to the aforemen-
tioned problems. Legislative and Regulatory framework, that defines the way of construc-
tion, change every few years and as a result building trends are changed. However, based on 
the literature, the ideal path to follow, in order to achieve energy efficiency, is to study each 
construction separately. Due to the fact that the total result depends on a variety of variables 
the cooperation of different types of professions is required in order to achieve the desirable 
outcome. 
In the framework of this dissertation is not possible to complete such a work and it is also 
obligatory to simulate part of the proposed changes or the building as a whole in order to 
come to adequate conclusions. The use of a Whole Building Design software and simulation 
software is required in order to collect all the necessary information about construction, 
HVAC systems, sewages, lighting, power systems, and firefighting systems. Quantifying 
and sizing measurable data is the only way to produce admissible results concerning energy 
performance. In this dissertation we had the opportunity of investigating a retrofit scenario 
that seem incomplete but at the same time tried to take into account all the required varia-
bles;  and also investigating a realistic proposal that could be part of a prefeasibility study. 
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turel Tjibaou, une réalisation de Renzo Piano, Biro, Paris, 2000, 207 p. (ISBN 2-87660-
240-7) < http://www.architravel.com/architravel/building/jean-marie-tjibaou-cultural-
center>. 
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Image 12:Commertzbank Building, Frankfurt Germany 
Image 13:Atrium in Commertzbank Building, Frankfurt Germany 
Image 14:Section of Commertzbank Building, Frankfurt Germany (not scaled) 
Image 15:Floor Plan of Commertzbank Building, Frankfurt Germany (not scaled) 
 Image 16:Ventilation System of Commertzbank Building, Frankfurt Germany (not 
scaled) 
Retrived from: <http://www.fosterandpartners.com/projects/commerzbank-
headquarters>. 
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Page 37 
Image 17:The South facade of the Cité de Refuge , Paris.The initial form and the result 
after the changes. 
Ιmage 18: Le Corbusier’s sketches about 'Mur neutralisant'  and 'Respiration . 
Image 19: Villa Schwob in Switzerland , 1916. 
Retrived from: http://facadesconfidential.blogspot.gr/2012/04/le-corbusier-mur-
neutralisant-and.html 
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Table 3: Relationship of illuminance between task area and surroundings   
Light and lighting - Lighting of work places - Part 1: Indoor work places  Supersedes 
EN 12464-1:2002 
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Table 4: Lighting techniques in office spaces 
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Table 5: Initial Conditions  
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Typical Floor Plan ( not scaled ) 
South Facade ( not scaled ) 
Section A-A ( not scaled ) 
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Image 20: South Façade 
Images 21:East Facade 
 Image 22: Shops on ground floor 
 Image23: North Façade 
Image 24:Unbilt space at the back of the field 
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Image 25: Non build space at the back of the field 
Image26: Single glazing windows with metal frames 
Image 27: Corridor 
Image28: Entrance with poor lighting 
Image 29: Typical W.C. per floor 
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Image 30:Unprotected wires 
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Table 6: Current Situation-Roof  
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Table 7: Proposed Changes-Roof 
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Table 8 : Current Situation-Pilotis 
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Table 9 : Proposed Changes-Pilotis 
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Table 10:  Current Situation-Masonry 
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Table 11: Proposed Changes-Masonry 
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Figure 3: Type of ventilation-divided air space 
 Harris Poirazis , Double SF: A literature Review. A report of IEASHS Task34 ECBCS, 
Annex43, 2006 ,  p 53 
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Figure 4:3d illustration of façade-case 1 
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Figure 5: Drawings of offices-case 1 (not scaled) 
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Figure 6: Type of mechanical ventilation 
Figure 4 :  Harris Poirazis , Double SF: A literature Review. A report of IEASHS 
Task34 ECBCS, Annex43, 2006 ,  p 53 
Figure 7: Typical floor plan (not scaled) 
 
96 
 
Page 69 
Figure 8: Typical office plan-case 2 (not scaled) 
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Table 12 : Climatic Data of Thessaloniki 
<https://eosweb.larc.nasa.gov/cgibin/sse/grid.cgi?&num=203131&lat=40.64&hgt=100
&sumit=Submit&veg=17&sitelev=&email=pkristo@yahoo.com&p=grid_id&step=2&l
on=22.944>. 
< http://www.thessaloniki.climatemps.com/sunlight.php>. 
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Image 31:Synergy with two coatings 
Akyurek, Y., (2001). Management of light and energy with glass. Balkan Conference’ 
Transparency in Architecture’, 324. 
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Table 13: PV System 
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Figure 9: Section on PV panel 
 
 
 
 
